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I. PURPOSE AND SCOPE 

The purpose of this study is to determine the necessary drainage improvements and increased 

runoff mitigation improvements required for Tract Map No. 82315. Tract 82315 is a proposed 

commercial site and high density development that lies on approximately 8 acres within a 

developed area of Covina. See Figure 1 Vicinity Map.   

 

The scope of the study includes the following:  

1. Determination of points of flow concentration and watershed subareas for onsite 

tributary areas. 

2. Determination of 25-year storm event flow rates to catch basins and inlets proposed 

within the project area utilizing the Modified Rational Method as outlined in the Los 

Angeles County Department of Public Works (LACDPW) Hydrology Manual. 

3. Determination of the peak storm flows and hydrographs for the post-project conditions 

for the area tributary to the proposed subsurface increase runoff basin for the 25-year 

storm event.  The LACDPW has indicated that the allowable flow rate can not exceed 

0.77 ft3/s per acre. 

4. Determine the limits of storm drain required to flood protect the project site and meet the 

LACDPW requirements for the 25-year storm events and perform hydraulic calculations 

in support of the proposed design. 

5. Perform basin calculations in support of the basin design to ensure the design will 

mitigate runoff to be less than the allowable flow rate identified by LACDPW as 0.77 

ft3/s per acre.  

6. Preparation of a hydrology and hydraulics report, which consist of hydrological and 

analytical results and exhibits. 

 

II. PROJECT SITE AND DRAINAGE AREA OVERVIEW 

 

Tract 83215 is a proposed commercial and single family residential development that proposes 

to construct a total of 61 residential homes, a subsurface basin, subsurface storm drain, and 

internal streets. The approximately 8 acre project is located within the City of Covina and is 

bounded by Covina Boulevard to the north, Cypress Street to the south, Azusa Avenue to the 

west, and Conwell Avenue to the east.  

 

The existing project site is currently a supermarket center that is no longer operational.  The 

project is surrounded by residential homes to the north and west and commercial property to the 

south.  Figure 3 shows the existing condition commercial center and the existing topographic 

mapping indicates that 5.64 acres flows towards Azusa Avenue and 2.19 acres flows to Cypress 

Street. 

 

The project site will collect the onsite flows via curb and gutters, catch basins and subsurface 

storm drain.  The onsite flows will be conveyed to three proposed subsurface basins within the 

project site.   The subsurface systems have been designed to retain the water quality volume for 

the proposed commercial center. The subsurface system within the high density residential area 

will flow to two subsurface basins in order to store the required volume necessary to mitigate 



HYDROLOGY & HYDRAULIC STUDY 

FOR TRACT MAP NO. 82315 

CITY OF COVINA, CA 

 

 

O:\205.17.18\Engineering\Hydrology_Plan\Reports\Hydro_Report_112519.doc    2 
 

for increased runoff associated with the 25-year storm event to be equal to the allowable flow 

rate provided by LACDPW and to mitigate increased runoff.   

 

The three onsite basins have been designed to allow water quality volume to infiltrate.  The two 

subsurface systems in the high density residential area and the volume in excess of the water 

quality volume will be metered through an orifice plate to restrict the flows not to exceed 0.77 

ft3/s per acre.   

 

 

III.  HYDROLOGY 
 

The LACDPW Hydrology Manual (Reference 1), was used to develop the hydrological 

parameters for the hydrology analyses.  The modified rational method was used for the analyses 

and the computations were performed using the HydroCalc 3.1 software developed by 

LACDPW.  

 

The rainfall and soil parameters for the project were obtained from the LACDPW Hydrology 

Manual, see Exhibit C.  The hydrology parameters for the modified rational method calculations 

are as follows: 

 

• 50 Year, 24 Hour Rainfall – 7.2 inches 

• Soil Classification – 006 

• Storm Drain Design Frequency – 25 Year Event 

• Commercial Impervious Area 96% per LACDPW Hydrology Manual Appendix D 

• High Density Residential Impervious Area 67% which is based on the LID Study. 

 

The hydrology analyses performed for the project site was developed in the following manner: 

 

1. Identify areas tributary to the proposed catch basin and inlet structures. The areas tributary 

to the proposed catch basins and inlets are shown on Exhibit A, Catch Basin & Inlet 

Hydrology.  The flow rates tributary to the proposed catch basins and inlets will be used to 

size the proposed storm drain systems.  The project was broken into three watershed areas 

defined as Area A, B and C. 

2. The subarea boundary tributary to each catch basin have been identified.  Calculations were 

performed to determine the peak flow rate for each catch basin and inlet. 

3. Additionally, the total area for watersheds A, B and C were used to perform a hydrology 

analyses to establish a peak flow rate and hydrograph. The hydrographs were used to size 

the proposed subsurface basins to mitigate the increase runoff to a level that is equal or less 

than the allowable flow rate.  

 

Catch Basin and Inlet Hydrology  

 

Exhibit A identifies the total area tributary to each catch basin and inlet structure proposed for 

the project. There are a total of 8 catch basins/grate inlets to intercept the onsite runoff and 



HYDROLOGY & HYDRAULIC STUDY 

FOR TRACT MAP NO. 82315 

CITY OF COVINA, CA 

 

 

O:\205.17.18\Engineering\Hydrology_Plan\Reports\Hydro_Report_112519.doc    3 
 

convey the flows to one of the three subsurface basins. The 5 drainage areas are analyzed with 

the following impervious areas: 

 

Subarea Area (ac) Impervious Fraction 

1A 2.93 0.96 

1B 1.94 0.67 

2B 1.19 0.67 

3B 0.65 0.67 

1C 1.12 0.67 

 

The impervious percentages were obtained from the LACDPW Hydrology Manual.  However, 

the LID Study defined an impervious percentage of 67% which is greater than the recommended 

value.  For consistency, this report used the value identified in the LID Study. 

 

The LACDPW Hydrology Manual requires projects that are within developed areas and not 

covered by the Capital Flood Protection Conditions, identified in LACDPW Hydrology Manual 

Section 4.2, to provide protection per the Urban Flood Protection Condition discussed in 

LACDPW Hydrology Manual Section 4.3.  The Urban Flood is defined as runoff associated 

with a 25-year storm event.  The design of the proposed catch basins and inlets are designed to 

intercept the 25-year peak flow rate at all proposed catch basins/inlets. The following table 

provides the 25-year rates: 

 

Table 1 – Peak Flow Rates for Catch Basins & Inlets 

Subarea Drainage Area 

(acres) 

Catch Basin/Inlet 

Designation 

25-Year Flow Rate 

(ft3/s) 

1A 2.93 1A 8.47 

1B 1.94 1B 5.13 

2B 1.19 2B 3.37 

3B 0.65 3B 2.18 

1C 1.12 1C 3.76 

 

The hydrology calculations for the areas tributary to the catch basins have been included in 

Appendix A. 

 

Subsurface Basin Hydrology 

 

Exhibit B identifies the total area tributary to the Basin A, Basin B and Basin C, which are 

proposed 96” CMP subsurface basins that are designed to retain the water quality volume and 

mitigate increased runoff for the project.  The project site will mitigate flows for increased 

runoff and ensure that flows discharging from the project site are less than the allowable flow 

rate provided by LACDPW for the subsurface systems within the high density residential area.  

The subsurface system within the commercial area, as shown on Exhibit B is solely for the 

water quality volume.  The proposed commercial site will not impact Azusa Avenue since the 

drainage area for the post-project condition decreased from 5.64 acres to 2.93 acres.  This will 
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result in a lower runoff rate allowed to flow within Azusa Avenue since the land uses and 

impervious area are identical.  In order to determine the post-project flow rates, hydrology 

calculations were performed for the 25-year storm event for the entire area tributary to each 

subsurface system, which are defined as Areas 1B, 2B & 3B, and Area 1C.  The table below 

provides the peak flow rate and allowable flow rate for each basin. 

 

Table 2 – Peak Flow Rate for Basins (96” CMP Subsurface Basin) 

Subsurface Basin Subareas Drainage Area 

(acres) 

25-Year Flow 

Rate (ft3/s) 

Allowable Flow 

Rate (ft3/s) 

B 1B, 2B, & 3B 3.78 10.0 2.91 

C 1C 1.12 3.8 0.86 

 

The hydrology calculations for Basin B and Basin C have been included in Appendix B.  In 

order to meet the requirements provided by LACDPW and to discharge into the existing 69-inch 

storm drain located within Cypress Street, the project cannot exceed the allowable flow rate 

provided in Table 2.  There are no calculations for the Basin A since this system is solely for 

water quality volume.  This analysis is part of the LID Study. 

 

 

IV. BASIN SIZING CALUCLATIONS 

 
The subsurface system will be designed to store the volume associated with the water quality 

volume and the volume required to mitigate for increased runoff.  The allowable flow rate 

provided in Table 2 and the hydrograph table provided in Appendix B will be used to size the 

subsurface basin system.  Prior to commencing the subsurface basin sizing the water quality 

volume for each subsurface basin were calculated in the Standard Urban Stormwater Mitigation 

Plan prepared by Land Development Consultants and the results are shown in Table 3. 

 

 

Table 3 – Water Quality Volume for Basins (96” CMP Subsurface Basin) 
Subsurface Basin Subareas Drainage Area 

(acres) 

Water Quality Volume 

(ft3) 

A 1A & 2A 2.93 7,002 

B 1B, 2B, & 3B 3.78 8,556 

C 1C 1.12 2,746 

 

The subsurface basin systems are designed to allow the water quality flow rates and volume to 

infiltrate into the in-situ soils, since the geotechnical reports indicate that the project has 

infiltration rates that range from 1.3 inches /hour to 3.3 inches /hour.  The report for the 

infiltration rates have been included in Appendix G.  The lower half of the subsurface basin 

systems will be used solely to impound the water quality volume and promote groundwater 

infiltration.  

 

In order to accurately size the subsurface system, the unit hydrograph (included in Appendix B) 

for the post-project condition was utilized (in 5 minute increments) to find the location of the 
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allowable flow rate, based on Table 2, on the rising and recess limbs of the hydrograph to assess 

the required storage volume. Table 4 provides the required storage volume for each subsurface 

basin based on the designed outflow which is less than the allowable flow rate: 

 

Table 4 – Water Quality Volume for Basins (96” CMP Subsurface Basin) 

Subsurface Basin Subareas Allowable Flow 

Rate (ft3/s) 

Designed Outflow  

Flow Rate (ft3/s) 

Increased Runoff 

Volume (ft3) 

B 1B, 2B, & 3B 2.91 2.8 8,565.2 

C 1C 0.86 0.7 2,961.7 

 

The increased runoff volume shown on Table 4 was calculated by locating the difference in 

volume using the unit hydrograph table in Appendix B.  The subsurface basin must store the 

volume between flow rates that are less than the allowable flow rates.  The design outflow 

shown on Table 4 was selected from the hydrograph table shown on the table in Appendix B.  

The design outflow was selected to be a value less than the allowable flow rate.  During final 

engineering a more detailed basin routing analyses will be performed. 

 

Moreover, the subsurface basin must store the “Required Volume”, which equals to the sum of 

the “Water Quality Volume” and “Increased Runoff Volume”.  Table 5 provides the “Required 

Volume” and the proposed “Design Volume” which is based on the preliminary design of the 

subsurface basins.  Figure 2 and Figure 3 are typical section of a Double CMP Subsurface 

System and a Single CMP Subsurface System. Basin B is a Double CMP Subsurface Systems 

that can store 148.4 cubic feet per foot of system.  Moreover, Basin A and C is a Single CMP 

Subsurface System that can store 74.2 cubic feet per foot of system.  The subsurface basins 

systems are perforated CMP pipe with a gravel bed that allows flows to infiltrate into the in-situ 

soil.  The tables In Appendix C provide the storage volume calculations for each subsurface 

system. 

 

Table 5 – Required Volume and Preliminary Design Volume for  

Subsurface Basins (96” CMP Subsurface Basin) 
Subsurface Basin Subareas Drainage Area 

(acres) 

Required Volume 

(ft3) 

Design Volume 

(ft3) 

A 1A & 2A 2.93 7,002 7,416 

B 1B, 2B, & 3B 3.78 17,294.7 17,502 

C 1C 1.12 5,548.2 5,995 

 

The preliminary subsurface basins Design Volume has provided sufficient storage to mitigate 

the water quality runoff and increased runoff volumes to prevent downstream impacts. 

 

V. STORM DRAIN SYSTEMS 

 
Tract 82315 is proposed to discharge into the LACDPW Line A Storm Drain system located 

within Cypress Street.  The LACDPW has provided documentation that indicate that the project 

is allowed to discharge 0.77 ft3/s per acre, see Appendix F.  Table 2 provides the peak allowable 
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flow rate which will be released by the subsurface basins.  The Line A Storm Drain is shown on 

Exhibit B, Drainage Facilities Map.  Based on the total project area of 4.9 acres the is tributary 

to the Line A system, the proposed project must discharge less than 3.8 ft3/s into the Line A 

System.  

 

Lateral A is a storm drain that has been designed to collect the outflow discharge that is metered 

by the two subsurface basins within the high density residential area.  The Lateral A Storm 

Drain will extend from Cypress Avenue to Subsurface Basin B as illustrated in Exhibit B. The 

Lateral A Storm Drain system will be the main trunk line that collects the flows from the onsite 

storm drain systems.  Table 6 provides the controlled flow rate that will be discharged by the 

subsurface basins and into Lateral A: 

 

Table 6 – Peak Flow Rate for Basin Outflows into Lateral A 
Subsurface Basin Subareas Drainage Area 

(acres) 

Allowable Flow 

Rate (ft3/s) 

Designed 

Outflow  

Flow Rate (ft3/s) 

B 1B, 2B, & 3B 3.78 2.91 2.8 

C 1C 1.12 0.86 0.7 

 

Based on Table 6, the flow rate for Lateral A will vary from 2.8 ft3/s to a maximum of 3.5 ft3/s 

which will be conveyed by an 18-inch storm drain system. The maximum flow rate of 3.5 ft3/s is 

less than the allowable flow rate of 3.8 ft3/s, which meets the requirements provided by 

LACDPW.  The 3.5 ft3/s is the sum of the peak outflow from Basin B and Basin C. 

 

The remaining storm drain shown on Exhibit B provided a horizontal layout to illustrate how 

proposed catch basins and inlet structures will convey flows to the three proposed subsurface 

basins.  Appendix D provides the calculations for the proposed storm drain based on a full flow 

rate capacity for an 18-inch and 24-inch storm drain system that uses either HDPE or RCP pipe.  

Additionally, Appendix E provides calculations for each inlet shown on Exhibit B. 

 

VI. FINDINGS 
 

The hydrology and hydraulic analyses evaluated the proposed development to determine the 

necessary drainage improvements required to treat for water quality purposes, mitigate flows for 

increased runoff, and flood protect the project site.  It has been concluded that:  

 

1. The proposed drainage facilities will adequately convey the 25-year flows and provide 

flood protection to the project site. 

2. Basin A, B and C have sufficient volume to store the water quality volume and allow the 

treatment of the water quality volume through infiltration, the preferred Best Management 

Practice measure.  

3. Basin B, and C have been designed to store volume that meter the discharge rate to the 

allowable flow rate of 0.77 ft3/s per acre which meets the criteria provided by LACDPW.   

4. The post project condition area that flows towards Azusa Avenue is 2.93 acres compared 

to the 5.64 acres that currently drains to the existing street.  The proposed project 
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condition will reduce the drainage area into Azusa Avenue by 2.71 acres which equates to 

a flow rate reduction of about 7.8 ft3/s using a flow rate yield of 2.9 ft3/s per acre of 

commercial area. 

5. Based on the improvement in this report the project will provide the storm drain 

infrastructure to address water quality and flooding issues for the project site. 

 

VII. REFERENCES 
 

1. Los Angeles County Department of Public Works Manual, January 2006. 

2. Los Angeles County Flood Control Design Manual, March 1982 
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FIGURE 2: DOUBLE 96-INCH SUBSURFACE BASIN TYPICAL SECTION 
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FIGURE 3: SINGLE 96-INCH SUBSURFACE BASIN TYPICAL SECTION 
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FIGURE 4: EXISTING CONDITION DRAINAGE MAP 
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APPENDIX A: CATCH BASINS/INLETS HYDROLOGY  



 

 

APPENDIX A.1: RATIONAL METHOD ANALYSIS, AREA “1A” 



Peak Flow Hydrologic Analysis
File location: O:/205.17.18/Engineering/Hydrology_Plan/Calcs/25 YR/Subarea 1A.pdf
Version: HydroCalc 1.0.3

Input Parameters
Project Name Project
Subarea ID Subarea 1A
Area (ac) 2.93
Flow Path Length (ft) 613.8
Flow Path Slope (vft/hft) 0.0114
50-yr Rainfall Depth (in) 7.2
Percent Impervious 0.96
Soil Type 6
Design Storm Frequency 25-yr
Fire Factor 0
LID False

Output Results
Modeled (25-yr) Rainfall Depth (in) 6.3216
Peak Intensity (in/hr) 3.22
Undeveloped Runoff Coefficient (Cu) 0.8377
Developed Runoff Coefficient (Cd) 0.8975
Time of Concentration (min) 7.0
Clear Peak Flow Rate (cfs) 8.4675
Burned Peak Flow Rate (cfs) 8.4675
24-Hr Clear Runoff Volume (ac-ft) 1.3363
24-Hr Clear Runoff Volume (cu-ft) 58207.2465



 

 

  

APPENDIX A.2: RATIONAL METHOD ANALYSIS, AREA “1B” 



Peak Flow Hydrologic Analysis
File location: O:/205.17.18/Engineering/Hydrology_Plan/Calcs/25 YR/TRACT MAP 83215 - AREA 1B.pdf
Version: HydroCalc 1.0.3

Input Parameters
Project Name TRACT MAP 83215
Subarea ID AREA 1B
Area (ac) 1.94
Flow Path Length (ft) 565.6
Flow Path Slope (vft/hft) 0.0056
50-yr Rainfall Depth (in) 7.2
Percent Impervious 0.67
Soil Type 6
Design Storm Frequency 25-yr
Fire Factor 0
LID False

Output Results
Modeled (25-yr) Rainfall Depth (in) 6.3216
Peak Intensity (in/hr) 3.0241
Undeveloped Runoff Coefficient (Cu) 0.824
Developed Runoff Coefficient (Cd) 0.8749
Time of Concentration (min) 8.0
Clear Peak Flow Rate (cfs) 5.1329
Burned Peak Flow Rate (cfs) 5.1329
24-Hr Clear Runoff Volume (ac-ft) 0.6858
24-Hr Clear Runoff Volume (cu-ft) 29871.3545



 

 

APPENDIX A.3: RATIONAL METHOD ANALYSIS, AREA “2B” 



Peak Flow Hydrologic Analysis
File location: O:/205.17.18/Engineering/Hydrology_Plan/Calcs/25 YR/TRACT MAP 83215 - AREA 2B.pdf
Version: HydroCalc 1.0.3

Input Parameters
Project Name TRACT MAP 83215
Subarea ID AREA 2B
Area (ac) 1.19
Flow Path Length (ft) 434.5
Flow Path Slope (vft/hft) 0.0061
50-yr Rainfall Depth (in) 7.2
Percent Impervious 0.67
Soil Type 6
Design Storm Frequency 25-yr
Fire Factor 0
LID False

Output Results
Modeled (25-yr) Rainfall Depth (in) 6.3216
Peak Intensity (in/hr) 3.22
Undeveloped Runoff Coefficient (Cu) 0.8377
Developed Runoff Coefficient (Cd) 0.8794
Time of Concentration (min) 7.0
Clear Peak Flow Rate (cfs) 3.3698
Burned Peak Flow Rate (cfs) 3.3698
24-Hr Clear Runoff Volume (ac-ft) 0.4207
24-Hr Clear Runoff Volume (cu-ft) 18325.5819



 

 

APPENDIX A.4: RATIONAL METHOD ANALYSIS, AREA “3B” 



Peak Flow Hydrologic Analysis
File location: O:/205.17.18/Engineering/Hydrology_Plan/Calcs/25 YR/TRACT MAP 83215 - AREA 3B.pdf
Version: HydroCalc 1.0.3

Input Parameters
Project Name TRACT MAP 83215
Subarea ID AREA 3B
Area (ac) 0.65
Flow Path Length (ft) 196.3
Flow Path Slope (vft/hft) 0.0082
50-yr Rainfall Depth (in) 7.2
Percent Impervious 0.67
Soil Type 6
Design Storm Frequency 25-yr
Fire Factor 0
LID False

Output Results
Modeled (25-yr) Rainfall Depth (in) 6.3216
Peak Intensity (in/hr) 3.7716
Undeveloped Runoff Coefficient (Cu) 0.8678
Developed Runoff Coefficient (Cd) 0.8894
Time of Concentration (min) 5.0
Clear Peak Flow Rate (cfs) 2.1803
Burned Peak Flow Rate (cfs) 2.1803
24-Hr Clear Runoff Volume (ac-ft) 0.2299
24-Hr Clear Runoff Volume (cu-ft) 10012.5488



 

 

APPENDIX A.5: RATIONAL METHOD ANALYSIS, AREA “1C” 



Peak Flow Hydrologic Analysis
File location: O:/205.17.18/Engineering/Hydrology_Plan/Calcs/25 YR/TRACT MAP 83215 - AREA 1C.pdf
Version: HydroCalc 1.0.3

Input Parameters
Project Name TRACT MAP 83215
Subarea ID AREA 1C
Area (ac) 1.12
Flow Path Length (ft) 259.6
Flow Path Slope (vft/hft) 0.0069
50-yr Rainfall Depth (in) 7.2
Percent Impervious 0.67
Soil Type 6
Design Storm Frequency 25-yr
Fire Factor 0
LID False

Output Results
Modeled (25-yr) Rainfall Depth (in) 6.3216
Peak Intensity (in/hr) 3.7716
Undeveloped Runoff Coefficient (Cu) 0.8678
Developed Runoff Coefficient (Cd) 0.8894
Time of Concentration (min) 5.0
Clear Peak Flow Rate (cfs) 3.7569
Burned Peak Flow Rate (cfs) 3.7569
24-Hr Clear Runoff Volume (ac-ft) 0.3961
24-Hr Clear Runoff Volume (cu-ft) 17252.3918



 

 

APPENDIX B: SUBSURFACE BASIN HYDROLOGY 



 

 

  

APPENDIX B.1: RATIONAL METHOD ANALYSIS & HYDROGRAPH FOR TO BASIN B 



Peak Flow Hydrologic Analysis
File location: O:/205.17.18/Engineering/Hydrology_Plan/Calcs/25 YR/TRACT MAP 83215 - AREA 1B, 2B & 3B.pdf
Version: HydroCalc 1.0.3

Input Parameters
Project Name TRACT MAP 83215
Subarea ID AREA 1B, 2B & 3B
Area (ac) 3.78
Flow Path Length (ft) 565.6
Flow Path Slope (vft/hft) 0.0056
50-yr Rainfall Depth (in) 7.2
Percent Impervious 0.67
Soil Type 6
Design Storm Frequency 25-yr
Fire Factor 0
LID False

Output Results
Modeled (25-yr) Rainfall Depth (in) 6.3216
Peak Intensity (in/hr) 3.0241
Undeveloped Runoff Coefficient (Cu) 0.824
Developed Runoff Coefficient (Cd) 0.8749
Time of Concentration (min) 8.0
Clear Peak Flow Rate (cfs) 10.0011
Burned Peak Flow Rate (cfs) 10.0011
24-Hr Clear Runoff Volume (ac-ft) 1.3362
24-Hr Clear Runoff Volume (cu-ft) 58202.9485



Inputs: TRACT MAP 

83215

Subarea ID Area (ac) Flow Path Length (ft) Flow Path Slope (vft/hft) 50-yr Rainfall Depth (in) Percent Impervious Soil Type Design Storm Frequency Fire Factor

AREA 1B, 2B & 3B 3.78 565.6 0.0056 7.2 0.67 6 25-yr 0

Outputs: TRACT MAP 

83215

Area (ac)
Modeled (25-yr) Rainfall 

Depth (in)

Time of Concentration 

(min)

Clear Peak Flow Rate 

(cfs)

24-Hr Clear Runoff 

Volume (ac-ft)

Burned Peak Flow Rate 

(cfs)
Peak Intensity (in/hr)

Undeveloped Runoff 

Coefficient (Cu)

Developed Runoff 

Coefficient (Cd)

AREA 1B, 2B & 3B 6.3216 8 10.00112792 1.336155842 10.00112792 3.024083983 0.823969416 0.874909907

Hydrograph: TRACT MAP 

83215 - AREA 1B, 2B & 

3B

Time (min) Incremental Masscurve
Incremental Design 

Storm Depth (in)
Intensity (in/hr)

Undeveloped Runoff 

Coefficient (Cu)

Developed Runoff 

Coefficient (Cd)

Clear Peak Flow Rate 

(cfs)

Incremental Volume (cu-

ft)

Cumulative Volume (cu-

ft)

0 0 0 0 0 0 0 0 0

30 0.011110116 0.070233708 0.141108083 0.1 0.636 0.339235121 4.070651555 526.4331281

60 0.022360752 0.141355732 0.142910458 0.1 0.636 0.343568174 4.122641309 1140.930294

90 0.033757623 0.21340219 0.144786851 0.1 0.636 0.348079173 4.176765942 1763.385302

120 0.045306842 0.286411733 0.146742518 0.1 0.636 0.352780752 4.233176992 2394.129642

150 0.057014967 0.360425813 0.148783251 0.1 0.636 0.357686839 4.292041563 3033.518686

180 0.068889042 0.435488965 0.15091546 0.1 0.636 0.362812838 4.353544433 3681.934179

210 0.080936654 0.511649149 0.153146249 0.1 0.636 0.368175835 4.417890552 4339.787068

240 0.093165991 0.588958127 0.155483528 0.1 0.636 0.37379484 4.485307961 5007.52075

270 0.105585912 0.6674719 0.157936124 0.1 0.636 0.379691077 4.556051261 5685.614784

300 0.118206026 0.747251215 0.16051393 0.1 0.636 0.385888329 4.630405733 6374.58918

330 0.131036787 0.82836215 0.163228074 0.1 0.636 0.392413348 4.708692276 7075.009363

360 0.144089597 0.910876794 0.166091125 0.1 0.636 0.399296351 4.791273348 7787.491947

390 0.157376937 0.994874044 0.169117343 0.1 0.636 0.406571622 4.878560167 8512.711499

420 0.170912514 1.08044055 0.172322985 0.1 0.636 0.414278243 4.971021507 9251.40849

450 0.184711437 1.16767182 0.175726679 0.1 0.636 0.422460994 5.069194505 10004.39872

480 0.198790426 1.256673558 0.179349888 0.1 0.636 0.431171478 5.173698076 10772.58455

510 0.213168068 1.347563256 0.183217494 0.1 0.636 0.440469514 5.285249685 11556.96838

540 0.227865118 1.440472129 0.187358534 0.1 0.636 0.450424904 5.404686538 12358.66898

570 0.242904879 1.535547483 0.191807134 0.1 0.636 0.461119695 5.532992628 13178.94139

600 0.25831366 1.63295563 0.196603725 0.1 0.636 0.472651083 5.671333657 14019.20147

630 0.27412135 1.732885524 0.201796625 0.1 0.636 0.485135229 5.8211027 14881.05648

660 0.290362147 1.835553348 0.207444139 0.1 0.636 0.498712307 5.983980746 15766.34346

690 0.307075482 1.941208369 0.213617392 0.1 0.636 0.513553301 6.162018227 16677.17835

720 0.324307221 2.050140528 0.220404199 0.1 0.636 0.529869327 6.357746705 17616.01933

750 0.342111242 2.162690426 0.227914483 0.1 0.636 0.547924651 6.574334892 18585.75012

780 0.360551556 2.279262715 0.236288006 0.1 0.636 0.568055271 6.81581145 19589.79133

810 0.379705207 2.400344438 0.245705695 0.1 0.636 0.590696148 7.087391248 20632.25253

840 0.399666339 2.52653073 0.256406712 0.1 0.636 0.616422249 7.395967214 21718.14465

870 0.420552059 2.658561897 0.268715088 0.1 0.636 0.64601257 7.750877412 22853.68521

900 0.442511184 2.7973787 0.283082963 0.1 0.636 0.680554089 8.1651504 24046.7513

930 0.465737814 2.944208163 0.300164278 0.1 0.636 0.721618938 8.657627293 25307.57856

960 0.490493464 3.100703484 0.320948081 0.1 0.636 0.771584863 9.256799291 26649.89311

990 0.517145475 3.269186835 0.347018435 0.1 0.636 0.83426008 10.00828819 28092.85817

1020 0.546239304 3.453106385 0.381113465 0.119094772 0.642301275 0.925304931 11.09853516 29667.0408

1050 0.578650643 3.657997907 0.42850096 0.200514333 0.66916973 1.083876714 12.99866693 31465.1543

1080 0.61596247 3.89386835 0.501107138 0.324143419 0.709967328 1.344809449 16.12610057 33629.04119



1110 0.661693594 4.182962222 0.634829836 0.418582995 0.741132388 1.77846336 21.31539736 36387.36984

1135.8 0.716523712 4.529576295 0.938100278 0.564087341 0.789148822 2.798336759 33.49042386 39775.96747

1136 0.717071509 4.53303925 0.942585866 0.565617522 0.789653782 2.813516347 33.67111864 39809.63859

1136.2 0.717622534 4.53652261 0.947140171 0.567171146 0.790166478 2.828946003 33.8547741 39843.49337

1136.4 0.718176847 4.540026757 0.951765008 0.56874883 0.790687114 2.844632678 34.04147208 39877.53484

1136.6 0.718734511 4.543552082 0.956462257 0.570351217 0.791215902 2.860583597 34.23129765 39911.76614

1136.8 0.719295589 4.547098993 0.961233873 0.571978973 0.791753061 2.876806276 34.42433924 39946.19048

1137 0.719860147 4.550667907 0.966081885 0.573632789 0.792298821 2.893308535 34.62068887 39980.81117

1137.2 0.720428255 4.554259257 0.971008403 0.575313387 0.792853418 2.910098511 34.82044227 40015.63161

1137.4 0.720999983 4.55787349 0.97601562 0.577021514 0.7934171 2.927184684 35.02369917 40050.65531

1137.6 0.721575403 4.56151107 0.981105819 0.578757949 0.793990123 2.944575886 35.23056342 40085.88587

1137.8 0.722154593 4.565172473 0.986281374 0.580523501 0.794572755 2.962281327 35.44114328 40121.32701

1138 0.722737629 4.568858195 0.991544759 0.582319015 0.795165275 2.980310613 35.65555164 40156.98257

1138.2 0.723324593 4.572568748 0.996898551 0.58414537 0.795767972 2.998673767 35.87390628 40192.85647

1138.4 0.723915569 4.576304664 1.002345436 0.585635918 0.796259853 3.016921684 36.09357271 40228.95004

1138.6 0.724510645 4.580066492 1.007888216 0.586658108 0.796597176 3.034889827 36.31086907 40265.26091

1138.8 0.725109909 4.583854803 1.013529815 0.587698522 0.796940512 3.053192827 36.52849592 40301.78941

1139 0.725713457 4.587670188 1.019273285 0.588757723 0.797290048 3.07184137 36.75020518 40338.53961

1139.2 0.726321384 4.591513264 1.025121816 0.589836298 0.797645978 3.090846632 36.97612801 40375.51574

1139.4 0.726933793 4.595384667 1.031078742 0.590934864 0.798008505 3.11022031 37.20640165 40412.72214

1139.6 0.727550788 4.599285061 1.037147551 0.592054064 0.798377841 3.129974653 37.44116978 40450.16331

1139.8 0.728172478 4.603215137 1.043331893 0.593194569 0.798754208 3.150122497 37.6805829 40487.8439

1140 0.728798977 4.607175613 1.049635592 0.594357086 0.799137838 3.1706773 37.92479878 40525.7687

1140.2 0.729430403 4.611167236 1.056062656 0.595542354 0.799528977 3.191653187 38.17398292 40563.94268

1140.4 0.73006688 4.615190785 1.062617288 0.596751148 0.799927879 3.213064989 38.42830906 40602.37099

1140.6 0.730708535 4.619247074 1.069303899 0.597984281 0.800334813 3.234928292 38.68795969 40641.05895

1140.8 0.731355503 4.62333695 1.076127123 0.599242608 0.800750061 3.257259489 38.95312669 40680.01207

1141 0.732007925 4.627461298 1.083091833 0.600527028 0.801173919 3.28007583 39.22401191 40719.23609

1141.2 0.732665946 4.631621044 1.090203152 0.601838485 0.8016067 3.30339549 39.50082792 40758.73691

1141.4 0.73332972 4.635817155 1.097466476 0.603177974 0.802048732 3.327237629 39.78379872 40798.52071

1141.6 0.733999406 4.640050646 1.104887491 0.604546545 0.80250036 3.351622463 40.07316055 40838.59387

1141.8 0.734675174 4.644322578 1.112472195 0.605945303 0.80296195 3.376571345 40.36916285 40878.96304

1142 0.735357198 4.648634063 1.120226917 0.607375415 0.803433887 3.402106848 40.67206916 40919.6351

1142.2 0.736045664 4.652986271 1.12815835 0.608838116 0.803916578 3.428252857 40.98215823 40960.61726

1142.4 0.736740766 4.657380428 1.136273568 0.61033471 0.804410454 3.455034673 41.29972518 41001.91699

1142.6 0.737442709 4.661817828 1.144580064 0.61186658 0.804915971 3.482479125 41.62508279 41043.54207

1142.8 0.738151706 4.666299827 1.15308578 0.613435189 0.805433612 3.510614692 41.9585629 41085.50063

1143 0.738867986 4.670827861 1.161799144 0.615042093 0.805963891 3.539471637 42.30051797 41127.80115

1143.2 0.739591787 4.67540344 1.170729108 0.616688941 0.806507351 3.569082164 42.65132281 41170.45247

1143.4 0.740323361 4.680028162 1.179885194 0.61837749 0.807064572 3.599480576 43.01137644 41213.46385

1143.6 0.741062977 4.684703716 1.189277544 0.620109611 0.807636172 3.630703466 43.38110425 41256.84496

1143.8 0.741810917 4.689431892 1.198916972 0.621887298 0.808222808 3.662789918 43.7609603 41300.60592

1144 0.742567481 4.694214587 1.208815026 0.623712679 0.808825184 3.695781736 44.15142992 41344.75735

1144.2 0.743332988 4.699053818 1.218984055 0.625588034 0.809444051 3.729723702 44.55303263 41389.31038

1144.4 0.744107778 4.703951728 1.229437286 0.627515801 0.810080214 3.76466386 44.96632537 41434.2767

1144.6 0.744892211 4.708910603 1.240188905 0.629498596 0.810734537 3.800653835 45.39190617 41479.66861

1144.8 0.745686674 4.71393288 1.251254158 0.63153923 0.811407946 3.837749199 45.8304182 41525.49903

1145 0.746491579 4.719021167 1.262649451 0.63364073 0.812101441 3.876009878 46.28255446 41571.78158

1145.2 0.747307367 4.724178254 1.274392479 0.635806359 0.812816098 3.915500612 46.74906294 41618.53065

1145.4 0.748134513 4.729407138 1.28650236 0.638039642 0.813553082 3.956291487 47.23075259 41665.7614

1145.6 0.748973526 4.734711042 1.298999791 0.640344396 0.814313651 3.998458531 47.72850011 41713.4899

1145.8 0.749824955 4.740093437 1.311907232 0.642724764 0.815099172 4.042084405 48.24325761 41761.73316

1146 0.750689394 4.745558076 1.325249108 0.64518525 0.815911132 4.087259192 48.77606158 41810.50922

1146.2 0.751567486 4.751109022 1.33905205 0.647730764 0.816751152 4.134081311 49.32804302 41859.83726

1146.4 0.752459929 4.756750686 1.353345168 0.650366676 0.817621003 4.182658579 49.90043934 41909.7377

1146.6 0.753367482 4.762487875 1.368160372 0.65309887 0.818522627 4.23310944 50.49460812 41960.23231
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1146.8 0.754290976 4.768325836 1.383532749 0.655933817 0.81945816 4.285564418 51.11204315 42011.34435

1147 0.755231321 4.774270322 1.399501 0.658878654 0.820429956 4.340167815 51.7543934 42063.09874

1147.2 0.756189518 4.780327659 1.416107962 0.661941281 0.821440623 4.39707973 52.42348527 42115.52223

1147.4 0.757166672 4.786504831 1.433401228 0.665130475 0.822493057 4.456478469 53.12134919 42168.64358

1147.6 0.758164006 4.792809581 1.451433894 0.668456028 0.823590489 4.518563429 53.85025139 42222.49383

1147.8 0.759182886 4.799250531 1.470265449 0.67192891 0.82473654 4.583558597 54.61273216 42277.10656

1148 0.760224837 4.805837329 1.489962872 0.675561474 0.825935287 4.651716807 55.41165242 42332.51821

1148.2 0.761291577 4.812580833 1.510601975 0.678576167 0.826930135 4.721833474 56.24130169 42388.75952

1148.4 0.762385049 4.819493327 1.53226906 0.680954325 0.827714927 4.794105859 57.095636 42445.85515

1148.6 0.763507468 4.826588809 1.555063011 0.683456167 0.828540535 4.870275754 57.98628968 42503.84144

1148.8 0.764661374 4.833883341 1.579097934 0.686094217 0.829411092 4.95074667 58.92613454 42562.76758

1149 0.765849707 4.841395506 1.60450656 0.688883043 0.830331404 5.035988861 59.92041319 42622.68799

1149.2 0.767075899 4.849147001 1.63144468 0.691839745 0.831307116 5.126555341 60.97526521 42683.66326

1149.4 0.768343999 4.857163426 1.660097027 0.694984599 0.832344918 5.223103163 62.09795102 42745.76121

1149.6 0.769658843 4.865475345 1.69068524 0.698341932 0.833452838 5.326422232 63.29715237 42809.05836

1149.8 0.771026284 4.874119759 1.723478861 0.701941329 0.834640638 5.437475177 64.58338445 42873.64174

1150 0.772453523 4.883142188 1.758810939 0.705819343 0.835920383 5.557453957 65.96957481 42939.61132

1150.2 0.773949588 4.892599714 1.797100824 0.710022004 0.837307261 5.687862654 67.47189966 43007.08322

1150.4 0.775526067 4.902565586 1.838888684 0.7146086 0.838820838 5.830642993 69.11103388 43076.19425

1150.6 0.777198258 4.913136506 1.88489009 0.71965767 0.840487031 5.988373054 70.91409628 43147.10835

1150.8 0.778987088 4.924444778 1.936087129 0.725277007 0.842341412 6.164599267 72.91783393 43220.02618

1151 0.780922557 4.936680034 1.993891297 0.731621537 0.844435107 6.364430647 75.17417948 43295.20036

1151.2 0.783050462 4.9501318 2.060462702 0.73892835 0.846846356 6.595704347 77.76080996 43372.96117

1151.4 0.785447409 4.965284338 2.139421323 0.747594773 0.849706275 6.871585351 80.80373819 43453.76491

1151.6 0.788261517 4.983074007 2.237777184 0.758390217 0.853268772 7.217627971 84.53527994 43538.30019

1151.8 0.791870458 5.005888288 2.373422976 0.773278569 0.858181928 7.699212503 89.50104284 43627.80123

1152 0.8 5.05728 2.722990599 0.802828536 0.867933417 8.933555739 99.79660945 43727.59784

1152.2 0.804237385 5.08406705 2.887599243 0.814386317 0.871747485 9.515232883 110.6927317 43838.29057

1152.4 0.806118483 5.095958603 2.940051565 0.818069189 0.872962832 9.701580702 115.3008815 43953.59145

1152.6 0.807585289 5.105231164 2.972404206 0.820340787 0.87371246 9.816760513 117.1100473 44070.7015

1152.8 0.808834657 5.113129165 2.993972134 0.821855151 0.8742122 9.893647129 118.2624459 44188.96395

1153 0.809943791 5.120140668 3.008396257 0.822867922 0.874546414 9.945112564 119.0325582 44307.99651

1153.2 0.81095262 5.126518085 3.017548735 0.823510552 0.874758482 9.977787608 119.537401 44427.53391

1153.4 0.811885018 5.132412328 3.022538926 0.823860931 0.874874107 9.99560915 119.8403805 44547.37429

1153.6 0.812756619 5.13792224 3.024083983 0.823969416 0.874909907 10.00112792 119.9804224 44667.35471

1153.8 0.813578331 5.14311678 3.022675071 0.823870491 0.874877262 9.996095428 119.9833401 44787.33805

1154 0.81435813 5.148046353 3.01866208 0.823588724 0.874784279 9.981763333 119.8671526 44907.2052

1154.2 0.815102053 5.15274914 3.012300888 0.823142081 0.874636887 9.959050597 119.6448836 45026.85009

1154.4 0.815814808 5.157254893 3.00378155 0.822543907 0.874439489 9.928643273 119.3261632 45146.17625

1154.6 0.816500148 5.161587338 2.993245978 0.821804165 0.874195374 9.891057161 118.9182026 45265.09445

1154.8 0.817161124 5.165765763 2.980799451 0.820930248 0.873906982 9.846678688 118.4264151 45383.52087

1155 0.817800256 5.169806097 2.966518313 0.819927517 0.873576081 9.795792286 117.8548258 45501.37569

1155.2 0.818419654 5.173721684 2.950455192 0.818799666 0.87320389 9.738599031 117.2063479 45618.58204

1155.4 0.819021108 5.177523834 2.932642526 0.817548973 0.872791161 9.675229315 116.4829701 45735.06501

1155.6 0.819606149 5.181222233 2.91309489 0.816176461 0.872338232 9.605751295 115.6858837 45850.75089

1155.8 0.820176103 5.184825252 2.891810409 0.814681999 0.87184506 9.530176139 114.8155646 45965.56646

1156 0.820732123 5.188340187 2.868771436 0.813064347 0.871311235 9.448460715 113.8718211 46079.43828

1156.2 0.821275222 5.191773444 2.843944582 0.811321162 0.870735983 9.360508056 112.8538126 46192.29209

1156.4 0.821806296 5.195130678 2.817280138 0.809448953 0.870118154 9.266165725 111.7600427 46304.05214

1156.6 0.822326139 5.198416921 2.788710845 0.807442997 0.869456189 9.165221995 110.5883263 46414.64046

1156.8 0.822835464 5.201636667 2.758149943 0.805297203 0.868748077 9.057399597 109.3357295 46523.97619

1157 0.823334907 5.20479395 2.72548833 0.803003911 0.86799129 8.942346501 107.9984766 46631.97467

1157.2 0.823825046 5.207892411 2.690590577 0.80055361 0.867182691 8.819622925 106.5718166 46738.54648

1157.4 0.824306402 5.210935349 2.653289422 0.797934558 0.866318404 8.68868327 105.0498372 46843.59632

1157.6 0.824779448 5.21392576 2.613378113 0.795132238 0.865393638 8.548851001 103.4252056 46947.02153

1157.8 0.825244619 5.216866381 2.570599665 0.792128605 0.864402439 8.399283307 101.6888058 47048.71033
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1158 0.825702309 5.219759716 2.524631462 0.788901007 0.863337332 8.238920475 99.8292227 47148.53956

1158.2 0.826152883 5.222608066 2.47506264 0.78443444 0.861863365 8.063366786 97.81372357 47246.35328

1158.4 0.826596676 5.225413547 2.421359708 0.778540058 0.859918219 7.87060762 95.60384644 47341.95713

1158.6 0.827033997 5.228178116 2.362812074 0.772113926 0.857797596 7.661358871 93.19179895 47435.14892

1158.8 0.827465133 5.230903583 2.298441034 0.765048623 0.855466046 7.432380632 90.56243702 47525.71136

1159 0.827890348 5.233591626 2.22683694 0.757189427 0.852872511 7.179006287 87.66832151 47613.37968

1159.2 0.828309891 5.236243808 2.145840059 0.748299287 0.849938765 6.894087414 84.43856221 47697.81825

1159.4 0.828723991 5.238861584 2.051829346 0.737980762 0.846533651 6.565642983 80.75838238 47778.57663

1159.6 0.829132864 5.241446313 1.937792294 0.725464165 0.842403174 6.170480995 76.41674386 47854.99337

1159.8 0.82953671 5.243999265 1.785832325 0.708785185 0.836899111 5.649442413 70.91954044 47925.91291

1160 0.829935717 5.246521631 1.419312233 0.662532207 0.821635628 4.408075344 60.34510654 47986.25802

1160.2 0.830330063 5.249014529 1.237106094 0.628930069 0.810546923 3.790328992 49.19042602 48035.44844

1160.4 0.830719914 5.25147901 1.166403047 0.615891136 0.806244075 3.554732964 44.07037174 48079.51882

1160.6 0.831105426 5.253916062 1.115136738 0.606436693 0.803124109 3.385342293 41.64045154 48121.15927

1160.8 0.831486747 5.256326619 1.073980909 0.598846807 0.800619446 3.250233003 39.81345177 48160.97272

1161 0.831864016 5.258711562 1.039281704 0.59244764 0.798507721 3.136925479 38.32295089 48199.29567

1161.2 0.832237364 5.261071722 1.009152271 0.586891223 0.796674104 3.038989518 37.05548998 48236.35116

1161.4 0.832606917 5.263407887 0.982466691 0.579222187 0.794143322 2.949229186 35.92931222 48272.28047

1161.6 0.832972793 5.265720806 0.958489245 0.57104269 0.791444088 2.867472643 34.90021097 48307.18068

1161.8 0.833335103 5.268011185 0.936708039 0.563612402 0.788992093 2.793628792 33.96660861 48341.14729

1170 0.846009383 5.348132913 0.583899103 0.382613957 0.729262606 1.609583653 19.39623054 49348.92769

1200 0.877376634 5.546424129 0.337907571 0.1 0.636 0.812356832 9.758772659 51301.85827

1230 0.900083415 5.689967317 0.264492571 0.1 0.636 0.6358613 7.635198535 52585.05043

1260 0.918923195 5.809064868 0.225358767 0.1 0.636 0.541780505 6.504310481 53637.87278

1290 0.935421585 5.913361093 0.200037506 0.1 0.636 0.480906166 5.77290122 54554.89015

1320 0.950302393 6.00743161 0.181911124 0.1 0.636 0.437328895 5.24945251 55379.36101

1350 0.963977601 6.093880802 0.168097231 0.1 0.636 0.404119191 4.850606295 56135.43438

1380 0.976708502 6.174360468 0.157110601 0.1 0.636 0.377706453 4.533429223 56838.24017

1410 0.988673289 6.249997067 0.148097138 0.1 0.636 0.356037368 4.273239538 57498.00915

1440 1 6.3216 0.140525911 0.1 0.636 0.337835533 4.054697724 58122.04674



 

 

APPENDIX B.2: RATIONAL METHOD ANALYSIS & HYDROGRAPH FOR TO BASIN C 



Peak Flow Hydrologic Analysis
File location: O:/205.17.18/Engineering/Hydrology_Plan/Calcs/25 YR/TRACT MAP 83215 - AREA 1C.pdf
Version: HydroCalc 1.0.3

Input Parameters
Project Name TRACT MAP 83215
Subarea ID AREA 1C
Area (ac) 1.12
Flow Path Length (ft) 259.6
Flow Path Slope (vft/hft) 0.0069
50-yr Rainfall Depth (in) 7.2
Percent Impervious 0.67
Soil Type 6
Design Storm Frequency 25-yr
Fire Factor 0
LID False

Output Results
Modeled (25-yr) Rainfall Depth (in) 6.3216
Peak Intensity (in/hr) 3.7716
Undeveloped Runoff Coefficient (Cu) 0.8678
Developed Runoff Coefficient (Cd) 0.8894
Time of Concentration (min) 5.0
Clear Peak Flow Rate (cfs) 3.7569
Burned Peak Flow Rate (cfs) 3.7569
24-Hr Clear Runoff Volume (ac-ft) 0.3961
24-Hr Clear Runoff Volume (cu-ft) 17252.3918



Inputs: TRACT MAP 

83215

Subarea ID Area (ac) Flow Path Length (ft) Flow Path Slope (vft/hft) 50-yr Rainfall Depth (in) Percent Impervious Soil Type Design Storm Frequency Fire Factor

AREA 1C 1.12 259.6 0.0069 7.2 0.67 6 25-yr 0

Outputs: TRACT MAP 

83215

Area (ac)
Modeled (25-yr) Rainfall 

Depth (in)

Time of Concentration 

(min)

Clear Peak Flow Rate 

(cfs)

24-Hr Clear Runoff 

Volume (ac-ft)

Burned Peak Flow Rate 

(cfs)
Peak Intensity (in/hr)

Undeveloped Runoff 

Coefficient (Cu)

Developed Runoff 

Coefficient (Cd)

AREA 1C 6.3216 5 3.756878195 0.396060418 3.756878195 3.77164006 0.867765391 0.889362579

Hydrograph: TRACT MAP 

83215 - AREA 1C

Time (min) Incremental Masscurve
Incremental Design 

Storm Depth (in)
Intensity (in/hr)

Undeveloped Runoff 

Coefficient (Cu)

Developed Runoff 

Coefficient (Cd)

Clear Peak Flow Rate 

(cfs)

Incremental Volume (cu-

ft)

Cumulative Volume (cu-

ft)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

30.00 0.01 0.07 0.14 0.10 0.64 0.10 1.21 165.02

60.00 0.02 0.14 0.14 0.10 0.64 0.10 1.22 347.21

90.00 0.03 0.21 0.14 0.10 0.64 0.10 1.24 531.76

120.00 0.05 0.29 0.15 0.10 0.64 0.10 1.26 718.77

150.00 0.06 0.36 0.15 0.10 0.64 0.11 1.27 908.35

180.00 0.07 0.44 0.15 0.10 0.64 0.11 1.29 1100.61

210.00 0.08 0.51 0.15 0.10 0.64 0.11 1.31 1295.67

240.00 0.09 0.59 0.16 0.10 0.64 0.11 1.33 1493.67

270.00 0.11 0.67 0.16 0.10 0.64 0.11 1.35 1694.74

300.00 0.12 0.75 0.16 0.10 0.64 0.11 1.37 1899.05

330.00 0.13 0.83 0.16 0.10 0.64 0.12 1.40 2106.75

360.00 0.14 0.91 0.17 0.10 0.64 0.12 1.42 2318.04

390.00 0.16 0.99 0.17 0.10 0.64 0.12 1.45 2533.12

420.00 0.17 1.08 0.17 0.10 0.64 0.12 1.47 2752.20

450.00 0.18 1.17 0.18 0.10 0.64 0.13 1.50 2975.52

480.00 0.20 1.26 0.18 0.10 0.64 0.13 1.53 3203.36

510.00 0.21 1.35 0.18 0.10 0.64 0.13 1.57 3436.02

540.00 0.23 1.44 0.19 0.10 0.64 0.13 1.60 3673.83

570.00 0.24 1.54 0.19 0.10 0.64 0.14 1.64 3917.16

600.00 0.26 1.63 0.20 0.10 0.64 0.14 1.68 4166.43

630.00 0.27 1.73 0.20 0.10 0.64 0.14 1.73 4422.13

660.00 0.29 1.84 0.21 0.10 0.64 0.15 1.78 4684.80

690.00 0.31 1.94 0.21 0.10 0.64 0.15 1.83 4955.07

720.00 0.32 2.05 0.22 0.10 0.64 0.16 1.89 5233.68

750.00 0.34 2.16 0.23 0.10 0.64 0.16 1.95 5521.49

780.00 0.36 2.28 0.24 0.10 0.64 0.17 2.02 5819.52

810.00 0.38 2.40 0.25 0.10 0.64 0.18 2.10 6129.00

840.00 0.40 2.53 0.26 0.10 0.64 0.18 2.20 6451.43

870.00 0.42 2.66 0.27 0.10 0.64 0.19 2.30 6788.67

900.00 0.44 2.80 0.28 0.10 0.64 0.20 2.43 7143.09

930.00 0.47 2.94 0.30 0.10 0.64 0.21 2.57 7517.76

960.00 0.49 3.10 0.32 0.10 0.64 0.23 2.75 7916.82

990.00 0.52 3.27 0.35 0.10 0.64 0.25 2.98 8346.03

1020.00 0.55 3.45 0.38 0.12 0.64 0.28 3.31 8814.89

1050.00 0.58 3.66 0.43 0.21 0.67 0.32 3.89 9351.88

1080.00 0.62 3.89 0.51 0.33 0.71 0.40 4.83 9999.93

1110.00 0.66 4.18 0.64 0.43 0.74 0.54 6.43 10828.68



1126.80 0.69 4.39 0.81 0.52 0.77 0.70 8.37 11442.59

1127.00 0.69 4.39 0.81 0.52 0.77 0.70 8.40 11450.99

1127.20 0.70 4.40 0.81 0.52 0.77 0.70 8.43 11459.42

1127.40 0.70 4.40 0.81 0.52 0.78 0.71 8.47 11467.89

1127.60 0.70 4.40 0.82 0.52 0.78 0.71 8.50 11476.39

1127.80 0.70 4.40 0.82 0.52 0.78 0.71 8.53 11484.92

1128.00 0.70 4.41 0.82 0.52 0.78 0.72 8.57 11493.49

1128.20 0.70 4.41 0.83 0.53 0.78 0.72 8.60 11502.09

1128.40 0.70 4.41 0.83 0.53 0.78 0.72 8.64 11510.72

1128.60 0.70 4.42 0.83 0.53 0.78 0.72 8.67 11519.39

1128.80 0.70 4.42 0.83 0.53 0.78 0.73 8.71 11528.10

1129.00 0.70 4.42 0.84 0.53 0.78 0.73 8.74 11536.84

1129.20 0.70 4.42 0.84 0.53 0.78 0.73 8.78 11545.62

1129.40 0.70 4.43 0.84 0.53 0.78 0.74 8.81 11554.43

1129.60 0.70 4.43 0.85 0.53 0.78 0.74 8.85 11563.28

1129.80 0.70 4.43 0.85 0.53 0.78 0.74 8.89 11572.17

1130.00 0.70 4.44 0.85 0.54 0.78 0.75 8.93 11581.10

1130.20 0.70 4.44 0.86 0.54 0.78 0.75 8.97 11590.07

1130.40 0.70 4.44 0.86 0.54 0.78 0.75 9.01 11599.08

1130.60 0.70 4.45 0.86 0.54 0.78 0.76 9.05 11608.12

1130.80 0.70 4.45 0.87 0.54 0.78 0.76 9.09 11617.21

1131.00 0.70 4.45 0.87 0.54 0.78 0.76 9.13 11626.33

1131.20 0.70 4.45 0.87 0.54 0.78 0.77 9.17 11635.50

1131.40 0.71 4.46 0.88 0.54 0.78 0.77 9.21 11644.71

1131.60 0.71 4.46 0.88 0.54 0.78 0.77 9.25 11653.97

1131.80 0.71 4.46 0.89 0.55 0.78 0.78 9.30 11663.26

1132.00 0.71 4.47 0.89 0.55 0.78 0.78 9.34 11672.60

1132.20 0.71 4.47 0.89 0.55 0.78 0.78 9.38 11681.99

1132.40 0.71 4.47 0.90 0.55 0.78 0.79 9.43 11691.42

1132.60 0.71 4.48 0.90 0.55 0.78 0.79 9.48 11700.89

1132.80 0.71 4.48 0.90 0.55 0.79 0.80 9.52 11710.41

1133.00 0.71 4.48 0.91 0.55 0.79 0.80 9.57 11719.98

1133.20 0.71 4.49 0.91 0.56 0.79 0.80 9.62 11729.60

1133.40 0.71 4.49 0.92 0.56 0.79 0.81 9.66 11739.26

1133.60 0.71 4.49 0.92 0.56 0.79 0.81 9.71 11748.98

1133.80 0.71 4.50 0.92 0.56 0.79 0.82 9.76 11758.74

1134.00 0.71 4.50 0.93 0.56 0.79 0.82 9.81 11768.55

1134.20 0.71 4.50 0.93 0.56 0.79 0.82 9.87 11778.42

1134.40 0.71 4.51 0.94 0.56 0.79 0.83 9.92 11788.34

1134.60 0.71 4.51 0.94 0.57 0.79 0.83 9.97 11798.31

1134.80 0.71 4.51 0.95 0.57 0.79 0.84 10.03 11808.33

1135.00 0.71 4.52 0.95 0.57 0.79 0.84 10.08 11818.41

1135.20 0.71 4.52 0.96 0.57 0.79 0.85 10.14 11828.55

1135.40 0.72 4.52 0.96 0.57 0.79 0.85 10.19 11838.74

1135.60 0.72 4.53 0.97 0.57 0.79 0.86 10.25 11848.99

1135.80 0.72 4.53 0.97 0.58 0.79 0.86 10.31 11859.30

1136.00 0.72 4.53 0.98 0.58 0.79 0.87 10.37 11869.67

1136.20 0.72 4.54 0.98 0.58 0.79 0.87 10.43 11880.10

1136.40 0.72 4.54 0.99 0.58 0.79 0.88 10.49 11890.59

1136.60 0.72 4.54 0.99 0.58 0.80 0.88 10.55 11901.15

1136.80 0.72 4.55 1.00 0.58 0.80 0.89 10.62 11911.76

1137.00 0.72 4.55 1.00 0.59 0.80 0.89 10.68 11922.45

1137.20 0.72 4.55 1.01 0.59 0.80 0.90 10.75 11933.19

1137.40 0.72 4.56 1.01 0.59 0.80 0.90 10.81 11944.00

1137.60 0.72 4.56 1.02 0.59 0.80 0.91 10.88 11954.88

1137.80 0.72 4.57 1.02 0.59 0.80 0.91 10.94 11965.82
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1138.00 0.72 4.57 1.03 0.59 0.80 0.92 11.01 11976.83

1138.20 0.72 4.57 1.04 0.59 0.80 0.93 11.08 11987.91

1138.40 0.72 4.58 1.04 0.59 0.80 0.93 11.15 11999.05

1138.60 0.72 4.58 1.05 0.59 0.80 0.94 11.22 12010.27

1138.80 0.73 4.58 1.05 0.60 0.80 0.94 11.29 12021.56

1139.00 0.73 4.59 1.06 0.60 0.80 0.95 11.37 12032.93

1139.20 0.73 4.59 1.07 0.60 0.80 0.96 11.44 12044.37

1139.40 0.73 4.60 1.07 0.60 0.80 0.96 11.52 12055.89

1139.60 0.73 4.60 1.08 0.60 0.80 0.97 11.60 12067.49

1140.00 0.73 4.61 1.10 0.60 0.80 0.98 11.76 12090.92

1140.20 0.73 4.61 1.10 0.60 0.80 0.99 11.84 12102.77

1140.40 0.73 4.62 1.11 0.61 0.80 1.00 11.93 12114.70

1140.60 0.73 4.62 1.12 0.61 0.80 1.01 12.02 12126.72

1140.80 0.73 4.62 1.13 0.61 0.80 1.01 12.11 12138.83

1141.00 0.73 4.63 1.13 0.61 0.80 1.02 12.20 12151.03

1141.20 0.73 4.63 1.14 0.61 0.80 1.03 12.29 12163.32

1141.40 0.73 4.64 1.15 0.61 0.81 1.04 12.39 12175.71

1141.60 0.73 4.64 1.16 0.61 0.81 1.04 12.49 12188.20

1141.80 0.73 4.64 1.17 0.62 0.81 1.05 12.59 12200.79

1142.00 0.74 4.65 1.18 0.62 0.81 1.06 12.69 12213.49

1142.20 0.74 4.65 1.18 0.62 0.81 1.07 12.80 12226.29

1142.40 0.74 4.66 1.19 0.62 0.81 1.08 12.91 12239.20

1142.60 0.74 4.66 1.20 0.62 0.81 1.09 13.02 12252.22

1142.80 0.74 4.67 1.21 0.62 0.81 1.10 13.14 12265.36

1143.00 0.74 4.67 1.22 0.63 0.81 1.11 13.26 12278.62

1143.20 0.74 4.68 1.23 0.63 0.81 1.12 13.38 12292.00

1143.40 0.74 4.68 1.24 0.63 0.81 1.13 13.50 12305.50

1143.60 0.74 4.68 1.26 0.63 0.81 1.14 13.63 12319.13

1143.80 0.74 4.69 1.27 0.63 0.81 1.15 13.77 12332.90

1144.00 0.74 4.69 1.28 0.64 0.81 1.16 13.90 12346.80

1144.20 0.74 4.70 1.29 0.64 0.81 1.18 14.04 12360.84

1144.40 0.74 4.70 1.30 0.64 0.81 1.19 14.19 12375.03

1144.60 0.74 4.71 1.32 0.64 0.82 1.20 14.34 12389.37

1144.80 0.75 4.71 1.33 0.65 0.82 1.21 14.49 12403.86

1145.00 0.75 4.72 1.34 0.65 0.82 1.23 14.65 12418.52

1145.20 0.75 4.72 1.36 0.65 0.82 1.24 14.82 12433.34

1145.40 0.75 4.73 1.37 0.65 0.82 1.26 14.99 12448.33

1145.60 0.75 4.73 1.39 0.66 0.82 1.27 15.17 12463.50

1145.80 0.75 4.74 1.40 0.66 0.82 1.29 15.36 12478.86

1146.00 0.75 4.75 1.42 0.66 0.82 1.30 15.55 12494.41

1146.20 0.75 4.75 1.43 0.67 0.82 1.32 15.75 12510.16

1146.40 0.75 4.76 1.45 0.67 0.82 1.34 15.96 12526.11

1146.60 0.75 4.76 1.47 0.67 0.82 1.36 16.17 12542.29

1146.80 0.75 4.77 1.49 0.68 0.83 1.38 16.40 12558.69

1147.00 0.76 4.77 1.51 0.68 0.83 1.40 16.63 12575.32

1147.20 0.76 4.78 1.53 0.68 0.83 1.42 16.87 12592.20

1147.40 0.76 4.79 1.55 0.68 0.83 1.44 17.12 12609.32

1147.60 0.76 4.79 1.57 0.69 0.83 1.46 17.38 12626.70

1147.80 0.76 4.80 1.60 0.69 0.83 1.48 17.66 12644.36

1148.00 0.76 4.81 1.62 0.69 0.83 1.51 17.94 12662.31

1148.20 0.76 4.81 1.65 0.69 0.83 1.53 18.25 12680.55

1148.40 0.76 4.82 1.67 0.70 0.83 1.56 18.57 12699.12

1148.60 0.76 4.83 1.70 0.70 0.83 1.59 18.91 12718.03

1148.80 0.76 4.83 1.73 0.70 0.84 1.62 19.27 12737.30

1149.00 0.77 4.84 1.77 0.71 0.84 1.65 19.65 12756.95

1149.20 0.77 4.85 1.80 0.71 0.84 1.69 20.06 12777.01
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1149.40 0.77 4.86 1.84 0.71 0.84 1.73 20.50 12797.51

1149.60 0.77 4.87 1.88 0.72 0.84 1.77 20.97 12818.48

1149.80 0.77 4.87 1.92 0.72 0.84 1.81 21.48 12839.96

1150.00 0.77 4.88 1.97 0.73 0.84 1.86 22.04 12862.00

1150.20 0.77 4.89 2.02 0.73 0.85 1.91 22.65 12884.65

1150.40 0.78 4.90 2.08 0.74 0.85 1.97 23.32 12907.96

1150.60 0.78 4.91 2.14 0.75 0.85 2.04 24.06 12932.02

1150.80 0.78 4.92 2.21 0.76 0.85 2.11 24.90 12956.92

1151.00 0.78 4.94 2.29 0.76 0.86 2.20 25.85 12982.78

1151.20 0.78 4.95 2.39 0.77 0.86 2.30 26.96 13009.74

1151.40 0.79 4.97 2.50 0.79 0.86 2.42 28.29 13038.03

1151.60 0.79 4.98 2.65 0.80 0.87 2.57 29.92 13067.95

1151.80 0.79 5.01 2.85 0.81 0.87 2.78 32.09 13100.04

1152.00 0.80 5.06 3.40 0.85 0.88 3.36 36.85 13136.89

1152.20 0.80 5.08 3.64 0.86 0.89 3.62 41.91 13178.79

1152.40 0.81 5.10 3.71 0.87 0.89 3.70 43.92 13222.71

1152.60 0.81 5.11 3.75 0.87 0.89 3.73 44.57 13267.29

1152.80 0.81 5.11 3.77 0.87 0.89 3.75 44.91 13312.20

1153.00 0.81 5.12 3.77 0.87 0.89 3.76 45.05 13357.25

1153.20 0.81 5.13 3.77 0.87 0.89 3.75 45.05 13402.30

1153.40 0.81 5.13 3.76 0.87 0.89 3.74 44.95 13447.25

1153.60 0.81 5.14 3.74 0.87 0.89 3.72 44.75 13492.01

1153.80 0.81 5.14 3.71 0.87 0.89 3.69 44.48 13536.48

1154.00 0.81 5.15 3.68 0.86 0.89 3.66 44.12 13580.60

1154.20 0.82 5.15 3.64 0.86 0.89 3.62 43.70 13624.30

1154.40 0.82 5.16 3.60 0.86 0.89 3.58 43.20 13667.51

1154.60 0.82 5.16 3.55 0.86 0.89 3.53 42.64 13710.15

1154.80 0.82 5.17 3.50 0.86 0.89 3.47 42.01 13752.15

1155.00 0.82 5.17 3.44 0.85 0.88 3.41 41.28 13793.44

1155.20 0.82 5.17 3.37 0.85 0.88 3.34 40.47 13833.90

1155.40 0.82 5.18 3.30 0.84 0.88 3.26 39.56 13873.46

1155.60 0.82 5.18 3.22 0.84 0.88 3.17 38.55 13912.01

1155.80 0.82 5.18 3.12 0.83 0.88 3.07 37.43 13949.44

1156.00 0.82 5.19 3.02 0.82 0.87 2.96 36.17 13985.61

1156.20 0.82 5.19 2.90 0.82 0.87 2.83 34.75 14020.36

1156.40 0.82 5.20 2.76 0.81 0.87 2.68 33.09 14053.45

1156.60 0.82 5.20 2.58 0.79 0.86 2.50 31.12 14084.57

1156.80 0.82 5.20 2.35 0.77 0.86 2.26 28.55 14113.12

1157.00 0.82 5.20 1.77 0.71 0.84 1.66 23.48 14136.60

1157.20 0.82 5.21 1.49 0.67 0.83 1.37 18.19 14154.79

1157.40 0.82 5.21 1.38 0.66 0.82 1.27 15.84 14170.64

1157.60 0.82 5.21 1.30 0.64 0.81 1.19 14.74 14185.37

1157.80 0.83 5.22 1.24 0.63 0.81 1.13 13.92 14199.30

1158.00 0.83 5.22 1.20 0.62 0.81 1.08 13.28 14212.57

1158.20 0.83 5.22 1.15 0.61 0.81 1.04 12.73 14225.30

1158.40 0.83 5.23 1.12 0.61 0.80 1.00 12.26 14237.57

1158.60 0.83 5.23 1.08 0.60 0.80 0.97 11.85 14249.42

1158.80 0.83 5.23 1.05 0.60 0.80 0.94 11.49 14260.91

1159.00 0.83 5.23 1.03 0.59 0.80 0.92 11.16 14272.07

1159.20 0.83 5.24 1.00 0.59 0.80 0.89 10.86 14282.94

1159.40 0.83 5.24 0.98 0.58 0.79 0.87 10.58 14293.52

1159.60 0.83 5.24 0.96 0.57 0.79 0.85 10.32 14303.84

1159.80 0.83 5.24 0.94 0.56 0.79 0.83 10.08 14313.92

1160.00 0.83 5.25 0.92 0.56 0.79 0.81 9.85 14323.77

1160.20 0.83 5.25 0.90 0.55 0.79 0.79 9.64 14333.41

1160.40 0.83 5.25 0.89 0.55 0.78 0.78 9.44 14342.85
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1160.60 0.83 5.25 0.87 0.54 0.78 0.76 9.25 14352.10

1160.80 0.83 5.26 0.86 0.54 0.78 0.75 9.08 14361.18

1161.00 0.83 5.26 0.84 0.53 0.78 0.74 8.92 14370.10

1161.20 0.83 5.26 0.83 0.53 0.78 0.72 8.76 14378.86

1161.40 0.83 5.26 0.82 0.52 0.78 0.71 8.61 14387.47

1161.60 0.83 5.27 0.81 0.52 0.77 0.70 8.47 14395.95

1161.80 0.83 5.27 0.80 0.52 0.77 0.69 8.34 14404.29

1170.00 0.85 5.35 0.55 0.36 0.72 0.45 5.39 14672.16

1197.00 0.87 5.53 0.34 0.10 0.64 0.24 2.94 15186.05

1230.00 0.90 5.69 0.26 0.10 0.64 0.19 2.24 15604.82

1257.00 0.92 5.80 0.23 0.10 0.64 0.16 1.94 15885.35

1290.00 0.94 5.91 0.20 0.10 0.64 0.14 1.70 16184.32

1317.00 0.95 6.00 0.18 0.10 0.64 0.13 1.56 16404.12

1350.00 0.96 6.09 0.17 0.10 0.64 0.12 1.43 16650.58

1377.00 0.98 6.17 0.16 0.10 0.64 0.11 1.35 16837.97

1410.00 0.99 6.25 0.15 0.10 0.64 0.11 1.26 17053.02

1437.00 1.00 6.31 0.14 0.10 0.64 0.10 1.20 17219.42



 

 

APPENDIX C: BASIN SIZING ANALYSIS 



 

 

APPENDIX C.1: STORAGE VOLUME CALCULATION BASIN A 



TRACT MAP 83215

SUBSURFACE BASIN A STORAGE, LENGTH =100 FEET

BOTTOM 

ELEVATION TOP ELEVATION

96" CMP AREA 

(ft
2
) GRAVEL AREA (ft

2
)

96" CMP VOLUME 

(ft
3
)

1, 2

GRAVEL VOLUME 

(ft
3
)

TOTAL VOLUME 

(ft
3
)

493.5 494.5 0 11 0 440.00 440.00

494.5 495.5 3.626 7.374 362.60 294.96 1,097.56

495.5 496.5 6.2 4.805 620.00 192.20 1,909.76

496.5 497.5 7.39 3.62 739.00 144.80 2,793.56

497.5 498.5 7.916 3.072 791.60 122.88 3,708.04

498.5 499.5 7.916 3.072 791.60 122.88 4,622.52

499.5 500.5 7.39 3.62 739.00 144.80 5,506.32

500.5 501.5 6.2 4.805 620.00 192.20 6,318.52

501.5 502.5 3.626 7.374 362.60 294.96 6,976.08

502.5 503.5 0.00 11 0.00 440.00 7,416.08

1 - 96" Volume Represents the 96" CMP Area multiplied by the total linear feet of the system.

SUBSURFACE BASIN "A" STORAGE VOLUME



 

 

APPENDIX C.2: STORAGE VOLUME CALCULATION BASIN B 



TRACT MAP 83215

SUBSURFACE BASIN B STORAGE, LENGTH =236 FEET

BOTTOM 

ELEVATION TOP ELEVATION

96" CMP AREA 

(ft
2
) GRAVEL AREA (ft

2
)

96" CMP VOLUME 

(ft
3
)

1, 2

GRAVEL VOLUME 

(ft
3
)

TOTAL VOLUME 

(ft
3
)

496 497 0 11 0 1038.40 1,038.40

497 498 3.626 7.374 855.74 696.11 2,590.24

498 499 6.2 4.805 1463.20 453.59 4,507.03

499 500 7.39 3.62 1744.04 341.73 6,592.80

500 501 7.916 3.072 1868.18 290.00 8,750.97

501 502 7.916 3.072 1868.18 290.00 10,909.15

502 503 7.39 3.62 1744.04 341.73 12,994.92

503 504 6.2 4.805 1463.20 453.59 14,911.71

504 505 3.626 7.374 855.74 696.11 16,463.55

505 506 0.00 11 0.00 1038.40 17,501.95

1 - 96" Volume Represents the 96" CMP Area multiplied by the total linear feet of the system.

SUBSURFACE BASIN "B" STORAGE VOLUME



 

 

APPENDIX C.3: STORAGE VOLUME CALCULATION BASIN C 



TRACT MAP 83215

SUBSURFACE BASIN C STORAGE, LENGTH =77.4 FEET

BOTTOM 

ELEVATION TOP ELEVATION

96" CMP AREA 

(ft
2
) GRAVEL AREA (ft

2
)

96" CMP VOLUME 

(ft
3
)

1, 2

GRAVEL VOLUME 

(ft
3
)

TOTAL VOLUME 

(ft
3
)

495 496 0 11 0 341.00 341.00

496 497 3.626 8.374 281.02 259.59 881.61

497 498 6.2 5.8 480.50 179.80 1,541.91

498 499 7.39 4.61 572.73 142.91 2,257.54

499 500 7.916 4.084 613.49 126.60 2,997.64

500 501 7.916 4.084 613.49 126.60 3,737.73

501 502 7.39 4.61 572.73 142.91 4,453.37

502 503 6.2 5.8 480.50 179.80 5,113.67

503 504 3.626 8.374 281.02 259.59 5,654.28

504 505 0.00 11 0.00 341.00 5,995.28

67.74

1 - 96" Volume Represents the 96" CMP Area multiplied by the total linear feet of the system.

SUBSURFACE BASIN "C" STORAGE VOLUME



 

 

APPENDIX D: STORM DRAIN NORMAL DEPTH CALCULATIONS 



Project Description

Friction Method Manning Formula

Solve For Full Flow Capacity

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00300 ft/ft

Normal Depth 1.50 ft

Diameter 1.50 ft

Discharge 5.75 ft³/s

Results

Discharge 5.75 ft³/s

Normal Depth 1.50 ft

Flow Area 1.77 ft²

Wetted Perimeter 4.71 ft

Hydraulic Radius 0.38 ft

Top Width 0.00 ft

Critical Depth 0.93 ft

Percent Full 100.0 %

Critical Slope 0.00610 ft/ft

Velocity 3.26 ft/s

Velocity Head 0.16 ft

Specific Energy 1.66 ft

Froude Number 0.00

Maximum Discharge 6.19 ft³/s

Discharge Full 5.75 ft³/s

Slope Full 0.00300 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Worksheet for 18-Inch Full Flow Capacity

1/17/2019 7:52:06 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Normal Depth Over Rise 100.00 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.50 ft

Critical Depth 0.93 ft

Channel Slope 0.00300 ft/ft

Critical Slope 0.00610 ft/ft

Worksheet for 18-Inch Full Flow Capacity

1/17/2019 7:52:06 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Full Flow Capacity

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00300 ft/ft

Normal Depth 2.00 ft

Diameter 2.00 ft

Discharge 12.39 ft³/s

Results

Discharge 12.39 ft³/s

Normal Depth 2.00 ft

Flow Area 3.14 ft²

Wetted Perimeter 6.28 ft

Hydraulic Radius 0.50 ft

Top Width 0.00 ft

Critical Depth 1.27 ft

Percent Full 100.0 %

Critical Slope 0.00567 ft/ft

Velocity 3.94 ft/s

Velocity Head 0.24 ft

Specific Energy 2.24 ft

Froude Number 0.00

Maximum Discharge 13.33 ft³/s

Discharge Full 12.39 ft³/s

Slope Full 0.00300 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Worksheet for 24-Inch Full Flow Capacity

1/17/2019 7:52:57 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Normal Depth Over Rise 100.00 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 2.00 ft

Critical Depth 1.27 ft

Channel Slope 0.00300 ft/ft

Critical Slope 0.00567 ft/ft

Worksheet for 24-Inch Full Flow Capacity

1/17/2019 7:52:57 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



 

 

APPENDIX E: CATCH BASIN ANALYSES 



Project Description

Solve For Spread

Input Data

Discharge 8.47 ft³/s

Left Side Slope 50.00 ft/ft (H:V)

Right Side Slope 50.00 ft/ft (H:V)

Bottom Width 4.00 ft

Grate Width 3.00 ft

Grate Length 4.00 ft

Local Depression 2.00 in

Local Depression Width 6.00 ft

Grate Type P-30 mm (P-1-7/8")

Clogging 50.00 %

Results

Spread 27.72 ft

Depth 0.24 ft

Wetted Perimeter 27.73 ft

Top Width 27.72 ft

Open Grate Area 3.60 ft²

Active Grate Weir Length 11.00 ft

Worksheet for GRATE INLET 1A

10/9/2019 9:48:37 PM
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Project Description

Solve For Efficiency

Input Data

Discharge 5.13 ft³/s

Slope 0.00500 ft/ft

Gutter Width 4.00 ft

Gutter Cross Slope 0.02 ft/ft

Road Cross Slope 0.02 ft/ft

Roughness Coefficient 0.015

Local Depression 4.00 in

Local Depression Width 6.00 ft

Grate Width 4.00 ft

Grate Length 3.00 ft

Grate Type P-30 mm (P-1-7/8")

Clogging 30.00 %

Curb Opening Length 3.00 ft

Options

Calculation Option Use Both

Grate Flow Option Exclude None

Results

Efficiency 67.43 %

Intercepted Flow 3.46 ft³/s

Bypass Flow 1.67 ft³/s

Spread 14.79 ft

Depth 0.30 ft

Flow Area 2.19 ft²

Gutter Depression 0.00 ft

Total Depression 0.33 ft

Velocity 2.34 ft/s

Splash Over Velocity 6.63 ft/s

Frontal Flow Factor 1.00

Side Flow Factor 0.14

Grate Flow Ratio 0.57

Equivalent Cross Slope 0.05159 ft/ft

Active Grate Length 2.10 ft

Length Factor 0.05

Total Interception Length 17.90 ft

Worksheet for COMBO INLET 1B.1

10/9/2019 9:46:44 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Solve For Efficiency

Input Data

Discharge 1.67 ft³/s

Slope 0.00500 ft/ft

Gutter Width 4.00 ft

Gutter Cross Slope 0.02 ft/ft

Road Cross Slope 0.02 ft/ft

Roughness Coefficient 0.015

Local Depression 4.00 in

Local Depression Width 6.00 ft

Grate Width 4.00 ft

Grate Length 3.00 ft

Grate Type P-30 mm (P-1-7/8")

Clogging 30.00 %

Curb Opening Length 3.00 ft

Options

Calculation Option Use Both

Grate Flow Option Exclude None

Results

Efficiency 85.92 %

Intercepted Flow 1.43 ft³/s

Bypass Flow 0.24 ft³/s

Spread 9.71 ft

Depth 0.19 ft

Flow Area 0.94 ft²

Gutter Depression 0.00 ft

Total Depression 0.33 ft

Velocity 1.77 ft/s

Splash Over Velocity 6.63 ft/s

Frontal Flow Factor 1.00

Side Flow Factor 0.21

Grate Flow Ratio 0.76

Equivalent Cross Slope 0.06207 ft/ft

Active Grate Length 2.10 ft

Length Factor 0.09

Total Interception Length 10.00 ft

Worksheet for COMBO INLET 1B.2
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Project Description

Solve For Efficiency

Input Data

Discharge 3.37 ft³/s

Slope 0.00500 ft/ft

Gutter Width 4.00 ft

Gutter Cross Slope 0.02 ft/ft

Road Cross Slope 0.02 ft/ft

Roughness Coefficient 0.015

Local Depression 4.00 in

Local Depression Width 6.00 ft

Grate Width 4.00 ft

Grate Length 3.00 ft

Grate Type P-30 mm (P-1-7/8")

Clogging 30.00 %

Curb Opening Length 3.00 ft

Options

Calculation Option Use Both

Grate Flow Option Exclude None

Results

Efficiency 74.61 %

Intercepted Flow 2.51 ft³/s

Bypass Flow 0.86 ft³/s

Spread 12.64 ft

Depth 0.25 ft

Flow Area 1.60 ft²

Gutter Depression 0.00 ft

Total Depression 0.33 ft

Velocity 2.11 ft/s

Splash Over Velocity 6.63 ft/s

Frontal Flow Factor 1.00

Side Flow Factor 0.16

Grate Flow Ratio 0.64

Equivalent Cross Slope 0.05542 ft/ft

Active Grate Length 2.10 ft

Length Factor 0.06

Total Interception Length 14.37 ft

Worksheet for COMBO INLET 2B.1

10/9/2019 9:47:27 PM
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Messages

Notes

0.86 cfs will Flow-By to Combo Inlet 3B.1

Worksheet for COMBO INLET 2B.1
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Project Description

Solve For Efficiency

Input Data

Discharge 3.04 ft³/s

Slope 0.00500 ft/ft

Gutter Width 4.00 ft

Gutter Cross Slope 0.02 ft/ft

Road Cross Slope 0.02 ft/ft

Roughness Coefficient 0.015

Local Depression 4.00 in

Local Depression Width 6.00 ft

Grate Width 4.00 ft

Grate Length 3.00 ft

Grate Type P-30 mm (P-1-7/8")

Clogging 30.00 %

Curb Opening Length 3.00 ft

Options

Calculation Option Use Both

Grate Flow Option Exclude None

Results

Efficiency 76.35 %

Intercepted Flow 2.32 ft³/s

Bypass Flow 0.72 ft³/s

Spread 12.16 ft

Depth 0.24 ft

Flow Area 1.48 ft²

Gutter Depression 0.00 ft

Total Depression 0.33 ft

Velocity 2.06 ft/s

Splash Over Velocity 6.63 ft/s

Frontal Flow Factor 1.00

Side Flow Factor 0.17

Grate Flow Ratio 0.66

Equivalent Cross Slope 0.05639 ft/ft

Active Grate Length 2.10 ft

Length Factor 0.07

Total Interception Length 13.62 ft

Worksheet for COMBO INLET 3B.1

10/9/2019 9:47:52 PM
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Messages

Notes

0.86 cfs will Flow-By to Combo Inlet 3B.1

Worksheet for COMBO INLET 3B.1
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Project Description

Solve For Efficiency

Input Data

Discharge 0.72 ft³/s

Slope 0.00500 ft/ft

Gutter Width 4.00 ft

Gutter Cross Slope 0.02 ft/ft

Road Cross Slope 0.02 ft/ft

Roughness Coefficient 0.015

Local Depression 4.00 in

Local Depression Width 6.00 ft

Grate Width 4.00 ft

Grate Length 3.00 ft

Grate Type P-30 mm (P-1-7/8")

Clogging 30.00 %

Curb Opening Length 3.00 ft

Options

Calculation Option Use Both

Grate Flow Option Exclude None

Results

Efficiency 96.05 %

Intercepted Flow 0.69 ft³/s

Bypass Flow 0.03 ft³/s

Spread 7.08 ft

Depth 0.14 ft

Flow Area 0.50 ft²

Gutter Depression 0.00 ft

Total Depression 0.33 ft

Velocity 1.43 ft/s

Splash Over Velocity 6.63 ft/s

Frontal Flow Factor 1.00

Side Flow Factor 0.28

Grate Flow Ratio 0.89

Equivalent Cross Slope 0.06951 ft/ft

Active Grate Length 2.10 ft

Length Factor 0.14

Total Interception Length 6.56 ft

Worksheet for COMBO INLET 3B.2

10/9/2019 9:48:17 PM
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Messages

Notes

0.86 cfs will Flow-By to Combo Inlet 3B.1

Worksheet for COMBO INLET 3B.2
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Project Description

Solve For Spread

Input Data

Discharge 1.88 ft³/s

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ft/ft

Road Cross Slope 0.02 ft/ft

Curb Opening Length 4.00 ft

Opening Height 0.83 ft

Curb Throat Type Inclined

Local Depression 4.00 in

Local Depression Width 4.00 ft

Throat Incline Angle 33.70 degrees

Results

Spread 3.81 ft

Depth 0.30 ft

Gutter Depression 0.13 ft

Total Depression 0.46 ft

Worksheet for CB-1C-1

10/9/2019 9:45:55 PM
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Project Description

Solve For Spread

Input Data

Discharge 1.88 ft³/s

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ft/ft

Road Cross Slope 0.02 ft/ft

Curb Opening Length 3.50 ft

Opening Height 0.83 ft

Curb Throat Type Inclined

Local Depression 4.00 in

Local Depression Width 4.00 ft

Throat Incline Angle 33.70 degrees

Results

Spread 3.84 ft

Depth 0.31 ft

Gutter Depression 0.13 ft

Total Depression 0.46 ft

Worksheet for CB-1C-2

10/9/2019 9:46:22 PM
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APPENDIX F: LOS ANGELES  COUNTY DEPARTMENT OF PUBLIC WORKS “ALLOWABLE 
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APPENDIX G: INFILTRATION TEST BY GEO CONCEPTS  
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EXHIBIT A: CATCH BASIN & INLET HYDROLOGY MAP  



39

45

43

44

42

40

19

41

37

38

36

34

35

46

47

48

50

49

51

53

52

16

22

56

55

54

2526

20

21

18

17

15

14

13

12

11

61

60

59

58

57

24 23272930313233

4

3

6

109
87

1

28

2

5

1

1

7

11

1 11

7

14

8

9

7

6

5

5

5

5

5

5

1

1

1

10

14

1

1

1

1

1

1

1

1

1

1

1

8

1

7

1

7

1

7

1

BUILDING
'D'

BUILDING
'C'

BUILDING
'B'

BUILDING
'A'

41660 IVY STREET, SUITE A
MURRIETA, CA 92562

PH. 951.304.9552   FAX 951.304.3568

Engineering  &  Consulting, Inc.

25 YEAR POST PROJECT
FLOW RATES

SUBAREA PEAK FLOW (ft3/s)
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EXHIBIT B: DRAINAGE FACILITIES MAP 
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1. PROJECT DESCRIPTION 
1.1. PROJECT CATEGORY 
 

Category YES NO 
1. Development a of a new project equal to 1 acre or greater of disturbed area and adding 

more than 10,000 square feet of impervious area b   

2. Development a of a new industrial park with 10,000 square feet or more of surface area c   

3. Development a of a new commercial mall with 10,000 square feet or more surface area c   

4. Development a of a new retail gasoline outlet with 5,000 square feet or more of surface 
area c   

5. Development a of a new restaurant (SIC 5812) with 5,000 square feet or more of surface 
area c   

6. Development a of a new parking lot with either 5,000 ft2 or more of impervious area b or 
with 25 or more parking spaces   

7. Development a of a new automotive service facility (SIC 5013, 5014, 5511, 5541, 7532-7534 
and 7536-7539) with 5,000 square feet or more of surface area c   

8. Projects located in or directly adjacent to, or discharging directly to a Significant Ecological 
Area (SEA),d where the development will:  
a. Discharge stormwater runoff that is likely to impact a sensitive biological species or 

habitat; and  
b. Create 2,500 square feet or more of impervious area b 

  

9. Redevelopment e of 5,000 square feet or more in one of the categories listed above 
If yes, list redevelopment category here:   

10. Redevelopment e of 10,000 square feet or more to a Single Family Home, without a change 
in landuse.   

a Development includes any construction or demolition activity, clearing, grading, grubbing, or excavation or any other activity 
that results in land disturbance. 

b Surfaces that do not allow stormwater runoff to percolate into the ground. Typical impervious surfaces include: concrete, 
asphalt, roofing materials, etc. 

c The surface area is the total footprint of an area. Not to include the cumulative area above or below the ground surface. 
d An area in which plant or animal life or their habitats are either rare or especially valuable because of their special nature or 

role in an ecosystem and would be disturbed or degraded by human activities and developments. Also, an area designated by 
the City as approved by the Regional Water Quality Control Board. 

e Land-disturbing activities that result in the creation, addition, or replacement of a certain amount of impervious surface area on 
an already developed site. Redevelopment does not include routine maintenance activities that are conducted to maintain the 
original line and grade, hydraulic capacity, or original purpose of facility, nor does it include modifications to existing single 
family structures, or emergency construction activities required to immediately protect public health and safety. 
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1.2. PROJECT DESCRIPTION 
Total Project Area (ft2): 344,786 

Total Project Area (Ac): 7.91 

EXISTING CONDITIONS 

Condition Area (ft2) Percentage (%) 

Pervious Area: 51,160 14.8 

Impervious Area: 293,626 85.2 

PROPOSED CONDITIONS 

Condition Area (ft2) Percentage (%) 

Pervious Area: 110,781 32.1 

Impervious Area: 234,005 67.9 

SITE CHARACTERISTICS 

DRAINAGE 
PATTERNS/CONNECTIONS 
 

Existing: 

Existing project site is currently a supermarket center that is no 
longer operational.  The project is surrounded by residential 
homes to the north and west and commercial property to the 
south.  Storm water sheet flows westerly to Azusa Avenue. 

Proposed: 

The project site will collect the onsite flows via curb and gutters, 
catch basins and subsurface storm drain.  Pretreatment to be 
provided for identified pollutants of concern associated with 
proposed land use type via Stormexx Clean Catch Basin Inserts at 
(8) identified inlets upstream of basins.  The onsite flows will be 
conveyed to three proposed subsurface basins within the project 
site.  The subsurface systems have been designed to allow the 
DCV to infiltrate into the in-situ soils via perforated aluminized 
steel type 2 CMPs.  Geotechnical reports indicate that the project 
has infiltration rates that range from 1.3 inches/hour to 3.3 
inches/hour.  The lower halfs of the basin systems will be used 
solely to impound the WQ volume and promote groundwater 
infiltration. 

NARRATIVE PROJECT DESCRIPTION: 
 

Tract 82315 is a proposed commercial and single family 
residential development that proposes to construct 61 residential 
homes, 3 commercial lots/buildings, subsurface basins, 
subsurface storm drain and internal streets. 
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OFFSITE RUNON 

 

Offsite runon not anticipated. 

UTILITY AND INFRASTRUCTURE 
INFORMATION 
 

There are no known existing onsite utility and/or infrastructure 
that will conflict with proposed stormwater facilities. The 
proposed sewer, water and dry utility improvements designed to 
not conflict with proposed subsurface infiltration system. 

SIGNIFICANT ECOLOGICAL AREAS 
(SEAS) 
 

There are no known SEAs. 

RECEIVING WATERS Receiving waterbodies that follow are Walnut Creek Wash, San 
Gabriel River Reach 3, San Gabriel River Reach 2, San Gabriel 
River Reach 1 and the San Gabriel River Estuary. The above 
mentioned receiving waterbodies are listed for water quality 
impairment on the most recent 303(d)-list for: 

 * Benthic-Macroinvertebrate Bioassessments 

 * Indicator Bacteria 

 * pH 

 * Coliform Bacteria 

 * Cyanide 

 * Lead 

 * Copper 

 * Dioxin 

 * Nickel 

 * Oxygen, Dissolved 
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Hydromodification Analysis 

DOES THE PROPOSED PROJECT FALL INTO ONE OF THE FOLLOWING CATEGORIES? CHECK YES/NO.  YES NO 

1. Project is a redevelopment that decreases the effective impervious area compared to the 
pre-project conditions.   

Describe: 

Project will decrease impervious surface area from 85.2% to 67.9%. 

2. Project is a redevelopment that increases the infiltration capacity of pervious areas 
compared to the pre-project conditions.   

Describe: 

Project will collect onsite flows and convey to a subsurface infiltration chamber. 

3. Project discharges directly or via a storm drain to a sump, lake, area under tidal 
influence, into a waterway that has a 100-year peak flow (Q100) of 25,000 cfs or more.   

Describe: 

Project does not discharge to a receiving water with these conditions. 

4. Project discharges directly or via a storm drain into concrete or otherwise engineered 
(not natural) channels (e.g., channelized or armored with rip rap, shotcrete, etc.), which, 
in turn, discharge into receiving water that is not susceptible to hydromodification 
impacts. 

  

Describe:  

All three subsurface basins have been designed to storm volume that meter the discharge 
rate to the allowable flow rate of 0.77 ft3/s per acre which meets the criteria provided by 
LACDPW for connection to existing 69-inch RCP in Cypress St.  

 

HYDROMODIFICATION ANALYSIS 
The project is exempt from Hydromodification Control Measures. 
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1.3. PROPERTY OWNERSHIP/MANAGEMENT 

  

• Project to be developed with a fully operational Home Owner’s Association for ownership, 
management and maintenance purposes of stormwater devices. 

 

OWNER: 

PKL Investments, LLC 
2863 Maricopa Street 
Torrance, CA 90503 
(714) 738-0828 
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2. BEST MANAGEMENT PRACTICES (BMPS) 
2.1. SITE DESIGN  

85TH PERCENTILE, 24-
HOUR STORM DEPTH 

1.00 inch 

Refer to Attachment “A” for 85th percentile Isohyetal map. 

SITE DESIGN 
 

The project site will collect the onsite flows via curb and gutters, 
catch basins and subsurface storm drain.  Pretreatment to be 
provided for identified pollutants of concern associated with 
proposed land use type via Stormexx Clean Catch Basin Inserts at (8) 
identified inlets upstream of basins.  The onsite flows will be 
conveyed to three proposed subsurface basins within the project site.  
The subsurface systems have been designed to allow the DCV to 
infiltrate into the in-situ soils via perforated aluminized steel type 2 
CMPs.  Geotechnical reports indicate that the project has infiltration 
rates that range from 1.3 inches/hour to 3.3 inches/hour.  The lower 
halfs of the basin systems will be used solely to impound the WQ 
volume and promote groundwater infiltration. 
 
Site design principles outlined in County of Los Angeles LID Standards 
Manual were applied where applicable.  Site planning included all 
design criteria identified in the manual. Site planning considerations 
for Protection/Restoration of Natural Areas and Minimization of Land 
Disturbance were not applicable.  Project will also decrease 
impervious surface area when compared to existing conditions.      

BMP LIST 
 

DMA 
DESIGNATION 

SQUARE 
FOOTAGE 

(SF) 

ACREAGE 
(AC) 

STORM WATER 
QUALITY DESIGN 

VOLUME 
(SWQDV, CF)  

STORM WATER 
QUALITY DESIGN 

FLOWRATE 
(SWQDQ, CFS) 

 

BMP TYPE 
 

MINIMUM 
BMP SIZE 

 

BMP SIZE 
PROVIDED 

 

1 127,568 2.93 7,002 0.4849 

96” CMP 
Infiltration 
Subsurface 

Basin 

Length of 
96” CMP 

=100’ 

Single 
CMP 
Basin 

 

2 

 

 

164,344 

 

3.77 8,556 0.5607 

96” CMP 
Infiltration 
Subsurface 

Basin 

Length of 
96” CMP 

= 118’ 

Double 
CMP 

Basins 



Low Impact Development Plan (LID Plan) 
Tentative Tract Map No. 82315 
 

Page 7 

DMA 
DESIGNATION 

SQUARE 
FOOTAGE 

(SF) 

ACREAGE 
(AC) 

STORM WATER 
QUALITY DESIGN 

VOLUME 
(SWQDV, CF)  

STORM WATER 
QUALITY DESIGN 

FLOWRATE 
(SWQDQ, CFS) 

 

BMP TYPE 
 

MINIMUM 
BMP SIZE 

 

BMP SIZE 
PROVIDED 

 

3 52,874 1.21 2,746 0.2318 

96” CMP 
Infiltration 
Subsurface 

Basin 

Length of 
96” CMP 

= 80’ 

Single 
CMP 
Basin 

2.2. BMP SELECTION  

2.2.1. INFILTRATION BMPS 

NAME INCLUDED 
 

Bioretention without underdrains  

Infiltration Trench  

Infiltration Basin  

Drywell  

Proprietary Subsurface Infiltration Gallery  

Permeable Pavement (concrete, asphalt, pavers)  

Other:        

Other:        
 

DESCRIPTION 
 

The proposed perforated 96” CMPs that make up the subsurface 
infiltration basin BMP systems are feasible from a geotechnical 
viewpoint as tested infiltration rates exceed the required minimum 0.3 
inch/hour for onsite soils.  Infiltration rates that range from 1.3 
inches/hour to 3.3 inches/hour used for the design of the onsite 
infiltration.  Additional testing of final infiltration locations to be utilized 
at design phase.  Testing provided in Attachment “B” Infiltration Test 
Report is sufficient to understand infiltration potential. 

Refer to Attachment B for Infiltration Test Report 

CALCULATIONS 
 

Attachment A – “Post-Project Inlet Hydrology Map” 
Attachment A – “Subsurface Basin Typical Section” 
Attachment B – “Infiltration Test Report” 

*Refer to Hydrology & Hydraulic Study For Tract Map No. 82315 

  



APPENDIX D  

BMP POLLUTANT REMOVAL EFFECTIVENESS 

BMP Pollutant Removal Effectiveness(1) 

Pollutant of 

Concern 

Harvest and 

Use 
(9)

Infiltration 

BMPs(3) 
Bioretention 

Biofiltration 

with Partial 

Infiltration 

Biofiltration 

with No 

Infiltration 

Extended 

Detention 

Basins (2) 

Sand Filter 

Basin(8) 

Sediment H H H H H M H 

Nutrients H H H H/M(5) M/L(6) M/L(4) M 

Trash H H H H H H H 

Metals H H H H H M M(7) 

Bacteria H H H H M L M 

Oil & Grease H H H H H M H 

Organic 

Compounds 
H H H M M L H 

Pesticides and 

Herbicides 
H H H M M L M 

Abbreviations: 

L: Low removal efficiency M: Medium removal efficiency H: High removal efficiency   U: Unknown 

Notes:  

(1) Periodic performance assessment and updating of this table has occurred based on updated information from

studies from the District, CASQA, Caltrans, the International BMP Database, and others. These effectiveness

ratings are bases on the specific BMP designs incorporated into this manual. Effectiveness ratings assume

operation of a given BMP in isolation. If BMPs are used in series the overall pollutant removal effectiveness

may be increased. Where direct data are not available to describe the performance rating of a certain

BMP/pollutant combination, professional judgement was applied based on evaluation of unit operations and

processes of BMPs and the associated unit operations and processes that are effective for pollutant removal.

(2) Effectiveness based upon total 72-hour drawdown time.

(3) Includes infiltration basins, infiltration trenches, and permeable pavements without underdrains.

(4) Medium for Phosphorous, Low for Nitrogen.

(5) Nutrient removal is High if Bioretention Soil Media is formulated according to requirements in Fact Sheet

3.8 Bioretention Soil Media. Otherwise nutrient removal efficiency is Medium.

(6) Nutrient removal efficiency is Medium if Bioretention Soil Media is formulated according to requirements

in Fact Sheet 3.8 Bioretention Soil Media. Otherwise nutrient removal efficiency is Low. Medium if the

standard Bioretention Soil Media is used. If a nutrient sensitive Bioretention Soil Media is used, removal

efficiency is High.

(7) High if specialized media targeting metals is used.

(8) Considered to be a Treatment Control BMP. See the WQMP to determine if this BMP can be used.

Sean Zahab
Rectangle

Sean Zahab
Rectangle



(9) Cisterns, when associated with an adequate and reliable (year-round) demand for non-potable use of captured 

storm water (see the applicable WQMP for any specific requirements), have a High effectiveness at removing 

all pollutants from stormwater runoff. If there is inadequate demand to reliably drain the cistern through non-

potable use throughout the year, pollutant removal effectiveness will be low.  

References:  

Technical Guidance Document (TGD) for the Preparation of Conceptual/Preliminary and/or Project Water 

Quality Management Plans (WQMPs) in South Orange County. (2017) 

 

International Stormwater Best Management Practices (BMP) Database 2014 Performance Summaries. 

http://www.bmpdatabase.org/Docs/2014%20Water%20Quality%20Analysis%20Addendum/BMP%20Database

%20Categorical_StatisticalSummaryReport_December2014.pdf   

 

International Stormwater Best Management Practices (BMP) Database 2016 Performance Summaries. 

http://www.bmpdatabase.org/Docs/03-SW-1COh%20BMP%20Database%202016%20Summary%20Stats.pdf 

 

Strecker, E.W., W.C Huber, J.P. Heaney, D. Bodine, J.J. Sansalone, M.M. Quigley, D. Pankani, M. Leisenring, 

and P. Thayumanavan, “Critical Assessment of Stormwater Treatment and Control Selection Issues.” Water 

Environment Research Federation, Report No. 02-SW-1. ISBN 1-84339-741-2. 290pp 

 

Oil and grease, Organics, and Trash and Debris based on review of unit operations and processes; comprehensive 

dataset not generally available. BMP must include design elements 

to address pollutants of concern. 
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2.2.2. RAINWATER HARVEST AND USE BMPS 

NAME INCLUDED 
 

Above-ground cisterns and basins  

Underground detention  

Other:        

Other:        

Other:        

 

DESCRIPTION 
 

Project able to fully infiltrate/retain the Stormwater Quality Design Volume 
onsite via subsurface basins. 

CALCULATIONS 
 

n/a 
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2.2.3. ALTERNATIVE COMPLIANCE BMPS 

BIOFILTRATION BMPS  
(If Infiltration BMPs and Rainwater Harvest and Use BMPs are Infeasible) 

NAME INCLUDED 
 

Bioretention with underdrains (i.e. planter box, rain garden, etc.)  
Constructed Wetland  
Vegetated Swale  
Vegetated Filter Strip  
Tree-Well Filter  
Other:        
Other:        

 

DESCRIPTION 
 

n/a 

CALCULATIONS 
 

n/a 
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OFFSITE BMPS  
(If Infiltration BMPs, Rainwater Harvest and Use BMPs, and Biofiltration BMPs are Infeasible) 

NAME INCLUDED 
 

Offsite Infiltration  

Ground Water Replenishment Projects  

Offsite Project - Retrofit Existing Development  

Regional Storm Water Mitigation Program  

Other:        

Other:        

 

DESCRIPTION 
 

n/a 

CALCULATIONS 
 

n/a 
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2.2.4. TREATMENT CONTROL BMPS 

NAME INCLUDED 
 

Media Filter  

Filter Insert  

CDS Unit  

Other:        

Other:        

 

DESCRIPTION 
 

Stormexx Clean Catch Basin Filter Inserts to be installed at all 
roadway/parking catch basins as indicated on LID Site Plan.  The inserts 
should be inspected during each season before and after rain events to 
ensure that the insert filter assembly is ready to accept and treat stormwater 
run-off.  Keep the grate and area within 6’ of the grate clean and free of 
leaves, grass clippings, sediment and debris to minimize these contaminants 
from entering the unit housing.  Periodic visual inspections involve looking 
through the grate to see if any standing water exists.  Replace filter cartridge 
if standing water is in the housing.  Maintenance schedules will vary with 
rainfall and pollutant concentration levels.  Typical post-construction 
installations will require cartridge change-outs once or twice per year.  If 
sediment reaches a height of 6” to 8” above bottom of the 24” housing, the 
sediment should be dumped and the filter cartridge inspected and replaced 
if necessary.  

Refer to Attachement “G” for BMP Technical Information Sheets. 
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2.2.5. HYDROMODIFICATION CONTROL BMPS 

NAME INCLUDED 
 

Infiltration System  

Above-ground Cistern   

Above-ground Basin  

Underground Detention  

Other:        

Other:        

 

DESCRIPTION 
 

The project is exempt from Hydromodification Control Measures, see Section 1.3 

 

CALCULATIONS 
 

n/a 
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2.2.6. NON-STRUCTURAL SOURCE CONTROL BMPS 

NAME CHECK ONE 

Included Not Applicable 
Education for Property Owners, Tenants and Occupants   

Activity Restrictions   

Common Area Landscape Management   

Common Area Litter Control   

Housekeeping of Loading Docks   

Common Area Catch Basin Inspection   

Street Sweeping Private Streets and Parking Lots   

 

  



Low Impact Development Plan (LID Plan) 
Tentative Tract Map No. 82315 
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2.2.7. STRUCTURAL SOURCE CONTROL BMPS 

NAME 
CHECK ONE 

Included Not Applicable 

(S-1) Storm Drain Message and Signage   

(S-2) Outdoor Material Storage Area   

(S-3) Outdoor Trash Storage & Waste Handling Area   

(S-4) Outdoor Loading/Unloading Dock Area   

(S-5) Outdoor Vehicle/Equipment Repair/Maintenance Area   

(S-6) Outdoor Vehicle/Equipment/Accessory Washing Area   

(S-7) Fuel and Maintenance Area   

(S-8) Landscape Irrigation Practices   

(S-9) Building Materials Selection   

(S-10) Animal Care and Handling Facilities   

(S-11) Outdoor Horticulture Areas   

 



 

 

Attachment A 
Calculations 
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Peak Flow Hydrologic Analysis
File location: N:/JN503 - Covina/LID/Tract 82315 - DMA 1.pdf
Version: HydroCalc 1.0.2

Input Parameters
Project Name Tract 82315
Subarea ID DMA 1
Area (ac) 2.929
Flow Path Length (ft) 600.0
Flow Path Slope (vft/hft) 0.01
85th Percentile Rainfall Depth (in) 1.0
Percent Impervious 0.705
Soil Type 6
Design Storm Frequency 85th percentile storm
Fire Factor 0
LID True

Output Results
Modeled (85th percentile storm) Rainfall Depth (in) 1.0
Peak Intensity (in/hr) 0.2493
Undeveloped Runoff Coefficient (Cu) 0.1
Developed Runoff Coefficient (Cd) 0.664
Time of Concentration (min) 32.0
Clear Peak Flow Rate (cfs) 0.4849
Burned Peak Flow Rate (cfs) 0.4849
24-Hr Clear Runoff Volume (ac-ft) 0.1607
24-Hr Clear Runoff Volume (cu-ft) 7001.5732



Peak Flow Hydrologic Analysis
File location: N:/JN503 - Covina/LID/Tract 82315 - DMA 2.pdf
Version: HydroCalc 1.0.2

Input Parameters
Project Name Tract 82315
Subarea ID DMA 2
Area (ac) 3.77
Flow Path Length (ft) 565.5
Flow Path Slope (vft/hft) 0.0056
85th Percentile Rainfall Depth (in) 1.0
Percent Impervious 0.663
Soil Type 6
Design Storm Frequency 85th percentile storm
Fire Factor 0
LID True

Output Results
Modeled (85th percentile storm) Rainfall Depth (in) 1.0
Peak Intensity (in/hr) 0.2359
Undeveloped Runoff Coefficient (Cu) 0.1
Developed Runoff Coefficient (Cd) 0.6304
Time of Concentration (min) 36.0
Clear Peak Flow Rate (cfs) 0.5607
Burned Peak Flow Rate (cfs) 0.5607
24-Hr Clear Runoff Volume (ac-ft) 0.1964
24-Hr Clear Runoff Volume (cu-ft) 8555.9308



Peak Flow Hydrologic Analysis
File location: N:/JN503 - Covina/LID/Tract 82315 - DMA 3.pdf
Version: HydroCalc 1.0.2

Input Parameters
Project Name Tract 82315
Subarea ID DMA 3
Area (ac) 1.21
Flow Path Length (ft) 259.6
Flow Path Slope (vft/hft) 0.0069
85th Percentile Rainfall Depth (in) 1.0
Percent Impervious 0.663
Soil Type 6
Design Storm Frequency 85th percentile storm
Fire Factor 0
LID True

Output Results
Modeled (85th percentile storm) Rainfall Depth (in) 1.0
Peak Intensity (in/hr) 0.3039
Undeveloped Runoff Coefficient (Cu) 0.1
Developed Runoff Coefficient (Cd) 0.6304
Time of Concentration (min) 21.0
Clear Peak Flow Rate (cfs) 0.2318
Burned Peak Flow Rate (cfs) 0.2318
24-Hr Clear Runoff Volume (ac-ft) 0.063
24-Hr Clear Runoff Volume (cu-ft) 2746.0378
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Geotechnical Investigation 

  























































































































































 

 

Attachment C 
City Forms 

 

  



 

OWNER’S CERTIFICATION 
Minimum BMPs for ALL Construction Sites 

 
Plan Check #__________________________ 

FORM 

OC1 

 

 

Project Name _______________________________ BUILDING/GRADING PERMIT NUMBER 

Project Location _______________________________ 

Owner Name _______________________________ Contractor Name _______________________________ 
Address _______________________________ Address _______________________________ 

Phone _______________________________ Phone _______________________________ 
FAX/Email _______________________________ FAX/Email _______________________________ 

 
The National Pollutant Discharge Elimination System (NPDES) is the portion of the Clean Water Act that applies to the 
protection of receiving waters.  Under permits from the Los Angeles Regional Water Quality Control Board (RWQCB), 
certain activities are subject to RWQCB enforcement.  To meet the requirements of the Los Angeles County Municipal 
Separate Storm Sewer System (MS4) Permit (R4-2012-0175), minimum requirements for sediment control, erosion 
control and construction activities must be implemented on each project site.  Minimum requirements include: 
 

• EROSION:  Erosion from slopes and channels shall be controlled by implementing an effective combination of BMPs, 
such as the limiting of grading activities during the wet season; inspecting graded areas during rain events; planting 
and maintenance of vegetation on slopes; and covering erosion susceptible slopes. 

• SEDIMENT CONTROL:  Eroded sediments from areas disturbed by construction and from stockpiles of soil shall be 
retained on site to minimize sediment transport from the site to streets, drainage facilities and/or adjacent properties 
via runoff, vehicle tracking or wind. 

• CONSTRUCTION MATERIALS CONTROL:  Construction related materials, wastes, spills or residues shall be 
retained on site to minimize transport from the site to streets, drainage facilities or adjoining properties by wind or 
runoff.  Runoff from equipment and vehicle washing shall be contained at construction sites unless treated to remove 
sediment and pollutants. 

• NON-STORMWATER RUNOFF:  Non-stormwater runoff from equipment and vehicle washing and any other activity 
shall be contained at the project site. 

• EROSION AND SEDIMENT CONTROL PLAN (ESCP):  Required for projects one acre or more. The ESCP must be 
developed and certified by a Qualified SWPPP Developer (QSD). 

• HILLSIDE:  Construction upon slopes 25% or more requires the implementation of additional BMPs to protect slopes 
and prevent erosion and sediment runoff. 

 
Minimum BMPs include: (1) Soil piles must be covered with tarps or plastic, (2) leaking equipment must be repaired immediately, (3) refueling must be 
conducted away from catch basins, (4) catch basins must be protected when working nearby, (5) vacuum all concrete saw cutting, (6) never wash 
concrete waste into the street, (7) keep the site clean, sweep the gutters at the end of each working day and keep a trash receptacle on site. 
 

 
As the engineer of record, I have selected appropriate BMPs to effectively minimize the negative impacts of this project’s construction activities on 
stormwater quality.  The project owner and contractor are aware that the selected BMPs shall be installed, monitored, and maintained to ensure their 
effectiveness.  The BMPs not selected for implementation are redundant or deemed not applicable to the proposed construction activity. 
 
 

 Engineer of Record Name  Engineer of Record Signature  
 
 
 
 
 
 
 

 Title  Date  
 
I certify that this document and all attachments were prepared under my direction or supervision in accordance with a system designed to assure that 
qualified personnel properly gathered and evaluated the information submitted.  Based on my inquiry of the person(s) who manage the system or those 
person(s) directly responsible for gathering the information, to the best of my knowledge and belief, the information submitted is true, accurate, and 
complete.  I am aware that submitting false and/or inaccurate information, failing to update the BMPs or ESCP to reflect conditions, or failing to properly 
and/or adequately implement the BMPs may result in revocation of grading and/or other permits or other sanctions provided by law. 
 
 
 
 
 
 
 
 

 Landowner or Agent Name  Landowner or Agent Signature  
 
 
 
 
 
 
 

 Title  Date  
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STORMWATER PLANNING PROGRAM 

PRIORITY DEVELOPMENT & 
REDEVELOPMENT PROJECTS 

Plan Check # ____________________ 

FORM 

P1 

 

 

Project Name ___________________________________________ 
General Project 

Certification 
 

A completed original of this form must 
accompany all LID Plan submittals. 

Project Location  ___________________________________________ 

Company Name ___________________________________________ 
Address ___________________________________________ 

Contact Name / Title ___________________________________________ 
Phone / FAX / Email ___________________________________________ 

 
Best Management Practices (BMPs) have been incorporated into the design/maintenance/construction of this project 
to accomplish the following: 
 

1. Minimize impacts from stormwater runoff on the biological integrity of Natural Drainage Systems and water bodies in 
accordance with requirements under CEQA (Cal. Pub. Resources Code § 21100), CWC § 13369, CWA § 319, CWA § 402(p), 
CWA § 404, CZARA § 6217(g), ESA § 7, and local government ordinances. 

 
2. Maximize the percentage of pervious surfaces to allow more percolation of stormwater into the ground. 

 
3. Minimize the amount of stormwater directed to impermeable surfaces and to the MS4. 

 
4. Minimize pollution emanating from parking lots through the use of appropriate Treatment Control BMPs and good 

housekeeping practices. 
 

5. Minimize breeding of Vectors 
 

6. Reduce pollutant loads in stormwater from the development site. 
 
I certify that this Low Impact Development Plan and all attachments were prepared under my direction or supervision in accordance 
with a system designed to ensure that qualified personnel properly gathered/evaluated the information submitted.   
 

Post Construction / Maintenance Certification 
 
As the responsible party, I certify that the proposed BMPs will be implemented, monitored and maintained to ensure their continued 
effectiveness. In the event of a property transfer, the new owner/lessee will be notified of the BMPs in use at this site and I will include 
written conditions in the sales or lease agreement, which requires the new owner (or lessee) to assume responsibility for maintenance 
and conduct a maintenance inspection at least once a year. The information contained herein is, to the best of my knowledge and 
belief, true, accurate, and complete.  
 
In consideration of the execution of City of Covina approval of the proposed Low Impact Development (LID) Plan including any 
proposed treatment system, the applicant hereby agrees to indemnify, save and keep the City of Covina, its officers, agents and 
employees free and harmless from and against any and all claims for injury, damage, loss, liability, cost and expense of any nature 
whatsoever, which the City of Covina, its officers, agents, or employees may suffer, sustain, incur, pay out as a result of any and all 
actions, suits, proceedings, claims and demands which may be brought, made, or filed against the City of Covina, its officers, agents or 
employees by reason of or arising out of, or in any manner connected with any and all operations permitted by this approval. This 
indemnification extends to further agree that the City of Covina is not responsible for any additional requirements or restrictions due to 
changes in regulations, policies or enforcement practices of the California Regional Water Quality Control Board, or any other applicable 
regulatory agencies. 

 
 

 Property Owner Name  Property Owner Signature  
 
 
 
 
 
 
 
 
 
 
 
 

 Applicant Title  Date  



PLANNING BEST MANAGEMENT PRACTICES 
 

BMP Type 
 if to be 

used 

Infiltration Trench  

Bioretention with no Underdrain  

Bioinfiltration  

Drywell  

Permeable Pavement (concrete, asphalt, and pavers)  

Underground Infiltration (Proprietary)  

Bioretention with Underdrains  

Vegetated Swale  

Vegetated Filter Strip  

Wet Detention Basin  

Constructed Wetland  

Dry Extended Detention Basin  

Proprietary Biotreatment  

Velocity Dissipation Device  

Inlet Trash Screen  

Media Filter  

Filter Insert  

Landscape Management  

Common Area Litter Control  

Common Area Catch Basin Inspection  

Street Sweeping Private Streets and Parking Lots  

Storm Drain System Stenciling and Signage  

Design and Construct Outdoor Material Storage Areas to Reduce Pollutant Introduction  

Design and Construct Trash and Waste Storage Areas to Reduce Pollutant Introduction  

Efficient Irrigation  

Maintenance Bays  

Vehicle and Equipment Cleaning  

Outdoor Loading/Unloading  

Protect Slopes and Channels  

Materials Management   

Vehicle and Equipment Fueling  

Other:  
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STORMWATER  

TREATMENT CERTIFICATION 

FORM 

P2 

 

 

SITE NAME and ADDRESS 
 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

Plan Check #__________________________________ 

 
Planning #____________________________________ 

APPROXIMATE PROJECT CHARACTERISTICS 
 

Roofed Area ____________  ft2 

Roadway/Parking Area (exposed) ____________  ft2 

Landscaped/Vegetation ____________  ft2 

Other Ground Level Impervious Areas 
(Ex: Outdoor work or storage areas) 

 
____________  ft2 

Other: __________________________ ____________  ft2 

TOTAL ____________  ft2 
 

 

STRUCTURAL/TREATMENT BMPs  
(attach additional sheets as necessary) or see back 

Area Designation 
(must correspond 

with plans) 

Tributary 
Area 
(ft2) 

Average 
Impervious 

Factor 

Estimated 
Flow Rate  

or Volume* 

Anticipated 
Potential 
Pollutants 

Type of BMP 
(include size, 
make, and 

model, if any) 

BMP Location 
(briefly 

describe) 

Design 
Treatment 
Flow Rate  
or Volume 
Capacity 

        

        

        

        

By stamping this form, I acknowledge that each treatment BMP is provided with adequate bypass or 

overflow so as not to contribute to localized flooding or soil instability. 
*Flow rates and volumes based on the 0.75 inch, 24-hour rain event or the 85th percentile, 24-hour rain event, whichever is greater.  

 

I certify that I am a Professional Civil Engineer registered in the State of 

California, and that the treatment methods and capacities herein comply 
with the requirements established by the California Regional Water 

Quality Control Board, Los Angeles Region, and the State Water 
Resources Control Board for Low Impact Development (LID) Plans. 

 

 
 

 
 

Print Name  Signature  Date 
 

 

Affix Registered Engineer 

Wet Ink Stamp Here: 
 

 

 
 

 
 

 
 

 
 



Rev: 6/9/2015 4:58 PM 

STRUCTURAL/TREATMENT BMPs  
(attach additional sheets as necessary) 

Area Designation 
(must correspond 

with plans) 

Tributary 
Area 
(ft2) 

Average 
Impervious 

Factor 

Estimated 
Flow Rate  

or Volume* 

Anticipated 
Potential 
Pollutants 

Type of BMP 
(include size, 
make, and 

model, if any) 

BMP Location 
(briefly 

describe) 

Design 
Treatment 
Flow Rate  
or Volume 
Capacity 

        

        

        

        

        

        

        

        

        

        

        

 



 

 

Attachment D 
Master Covenant Agreement (MCA) 
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Contech® CMP Detention & Infiltration
Maintenance Guide

ENGINEERED SOLUTIONS

CMP DETENTION SYSTEMS



2	 3

Contech® CMP Detention

Underground stormwater detention/infiltration and retention systems must be properly inspected and maintained at regular 

intervals for purposes of performance and longevity.

Inspection
Inspection is the key to effective maintenance and is easily performed. Contech recommends ongoing quarterly inspections. 

The rate at which the system collects pollutants will depend more heavily on site specific activities rather than the size or 

configuration of the system. Inspections should be performed more often in equipment washdown areas, in climates where 

sanding and/or salting operations take place, and in various other instances in which higher accumulations of sediment or 

abrasive / corrosive conditions may exist. Inspection and maintenance records should be maintained for the life of the system.

Maintenance 

Systems should be cleaned when inspection reveals that accumulated sediment or trash is clogging the discharge orifice. 

Accumulated sediment and trash can typically be evacuated through the manhole over the outlet orifice. If maintenance is 

not performed as recommended, sediment and trash may accumulate in front of the outlet orifice. Manhole covers should be 

securely seated following cleaning activities. Contech suggests that all systems be designed with an access/inspection manhole 

situated at or near the inlet and the outlet orifice. Should it be necessary to get inside the system to perform maintenance 

activities, all appropriate precautions regarding confined space entry and OSHA regulations should be followed.

If inspectors observe any salt or other corrosive substance concentrations or accumulations in the system, or if salt or other 

corrosive substance is used or prevalent near the system, it is recommended to rinse the system above the spring line annually 

between late spring and early summer as part of the maintenance program. This maintenance is required for infiltration systems. 

Excessive salting should be avoided and pavement should be sealed to reduce salt infiltration from the surface.  

Maintaining an underground detention or retention system is easiest when there is no flow entering the system. For this reason, 

it is a good idea to schedule the cleanout during dry weather.

The foregoing inspection and maintenance efforts help ensure underground pipe systems used for stormwater storage continue 

to function as intended by identifying recommended regular inspection and maintenance practices. Inspection and maintenance 

related to the structural integrity of the pipe or the soundness of pipe joint connections is beyond the scope of this guide.
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Inspection & Maintenance Log Sample Template

__________” Diameter System Location: Anywhere, USA

Date
Depth of 
Sediment

Accumulated 
Trash

Maintenance 
Performed

Maintenance 
Personnel

Comments

12/01/10 2” None Removed Sediment B. Johnson Installed

03/01/11 1” Some
Removed Sediment 

and Trash
B. Johnson Swept parking lot

06/01/11 0” None None

09/01/11 0” Heavy Removed Trash S. Riley

12/01/11 1” None Removed Sediment S. Riley

04/01/12 0” None None S. Riley

04/15/01
2 
 

Some
Removed Sediment 

and Trash
ACE Environmental 

Services

SAMPLE



Support
Drawings and specifications are available at www.ContechES.com.
Site-specific support is available from our engineers.

©2016 Contech Engineered Solutions LLC

Contech Engineered Solutions LLC provides site solutions for the civil engineering industry. Contech’s portfolio includes bridges, drainage, 
sanitary sewer, stormwater, earth stabilization and wastewater treatment products. For information, visit www.ContechES.com or call 
800.338.1122.

NOTHING IN THIS CATALOG SHOULD BE CONSTRUED AS A WARRANTY. APPLICATIONS SUGGESTED HEREIN ARE DESCRIBED ONLY TO HELP 
READERS MAKE THEIR OWN EVALUATIONS AND DECISIONS, AND ARE NEITHER GUARANTEES NOR WARRANTIES OF SUITABILITY FOR ANY 
APPLICATION. CONTECH MAKES NO WARRANTY WHATSOEVER, EXPRESS OR IMPLIED, RELATED TO THE APPLICATIONS, MATERIALS, COATINGS, 
OR PRODUCTS DISCUSSED HEREIN. ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND ALL IMPLIED WARRANTIES OF FITNESS FOR ANY 
PARTICULAR PURPOSE ARE DISCLAIMED BY CONTECH. SEE CONTECH’S CONDITIONS OF SALE (AVAILABLE AT WWW.CONTECHES.COM/COS) FOR 
MORE INFORMATION.

The product(s) described may be protected by one or more of the following US patents:  5,322,629; 5,624,576; 5,707,527; 5,759,415; 5,788,848; 5,985,157; 6,027,639; 6,350,374; 6,406,218; 
6,641,720; 6,511,595; 6,649,048; 6,991,114; 6,998,038; 7,186,058; 7,296,692; 7,297,266;  related foreign patents or other patents pending.

800.338.1122
www.ContechES.com

ENGINEERED SOLUTIONS

CMP DETENTION SYSTEMS

CMP Maintenance Guide PDF 6/16
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(OPERATION, MAINTENANCE AND MONITORING PLAN) 
Stormwater Quality Control 

 
 

96” Diameter Perforated Underground Retention System 

Owner's Association to conduct ongoing annual inspections of 96" Corrugated 

Metal Pipe (CMP) Subsurface Infiltration Basin. System to be cleaned when 

inspection reveals that accumulated sediment or trash is clogging the discharge 

orifice or when any salt or other corrosive substance concentrations or 

accumulations are observed. Inspection, maintenance and records to be 

conducted according to recommendations contained in attached Contech CMP 

Detention & Infiltration Maintenance Guide. 

Stormexx Clean Catch Basin Filters 

Inserts to be installed at all roadway/parking catch basins as indicated on LID Site 

Plan.  The inserts should be inspected during each season before and after rain 

events to ensure that the insert filter assembly is ready to accept and treat 

stormwater run-off.  Keep the grate and area within 6’ of the grate clean and free 

of leaves, grass clippings, sediment and debris to minimize these contaminants 

from entering the unit housing.  Periodic visual inspections involve looking 

through the grate to see if any standing water exists.  Replace filter cartridge if 

standing water is in the housing.  Maintenance schedules will vary with rainfall 

and pollutant concentration levels.  Typical post-construction installations will 

require cartridge change-outs once or twice per year.  If sediment reaches a 

height of 6” to 8” above bottom of the 24” housing, the sediment should be 

dumped and the filter cartridge inspected and replaced if necessary.   
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BMP Name  BMP Implementation, Maintenance, and Inspection 
Procedures 

Implementation, 
Maintenance, and 

Inspection Frequency 
and Schedule 

Person or Entity with 
Operation & 
Maintenance 

Responsibility 
NON-STRUCTURAL SOURCE CONTROL BMPs 

Education for Property Owners, Tenants and 
Occupants 

Owner’s Association will provide educational 
materials.  

Continuous Owner’s Association 

Activity Restriction Owner’s Association will provide materials outlining 
restricted activities. 

Continuous Owner’s Association 

Common Area Landscape Management Construction Manager during construction.  Owner’s 
Association through its landscape maintenance firm. 

Monthly during regular 
maintenance. 

Owner’s Association 

Common Area Litter Control Owner’s Association and owners Continuous Owner’s Association 
and owners 

Housekeeping of Loading Docks Owner’s Association and owners n/a n/a 

Common Area Catch Basin Inspection Owner’s Association and owners. Inspect, cleaned 
and maintained at 100% of the catch basins and 
inlets on an annual basis. Cleaning to take place in 
late summer/early fall. 

Annually Owner’s Association 
and owners 

Street Sweeping Private Streets and Parking 
Lots 

Owner’s Association to insure sweeping occurs and 
trash, sediment and debris is not located in gutters. 

Weekly Owner’s Association 
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BMP Name  BMP Implementation, Maintenance, and Inspection 
Procedures 

Implementation, 
Maintenance, and 

Inspection Frequency 
and Schedule 

Person or Entity with 
Operation & 
Maintenance 

Responsibility 
STRUCTURAL SOURCE CONTROL BMPs 

(S-1) – Storm Drain Message & Signage The signs must be placed so they are easily visible to 
the public.  Legibility and visibility of markers and 
signs should be maintained (e.g., signs should be 
repainted or replaced as necessary).  
 

Continuous Owner’s Association 

(S-3) – Outdoor Trash Storage & Waste        
Handling Area 

Outdoor trash storage areas must be checked 
periodically to ensure containment of accumulated 
water and prevention of stormwater run-on. 
Contaminated accumulated water must be 
disposed of in accordance with applicable laws and 
regulations, and cannot be discharged directly to the 
storm drain or sanitary sewer system without 
appropriate permitting.   
 

Continuous Owner’s Association 

(S-8) – Landscape Irrigation Practices  Maintain irrigation areas to remove trash and debris 
and loose vegetation. Rehabilitate areas of bare soil.  
Inspect and maintain irrigation equipment and 
components to ensure proper functionality. Clean 
equipment as necessary to prevent algae growth and 
vector breeding.  
 

Monthly during regular 
maintenance. 

Owner’s Association 

(S-9) – Building Materials Selection Design Considerations/Specifications of building 
materials to be added at design phase.  The integrity 
of structural elements that are subject to damage 
(e.g., signs) must be maintained as required by local 
codes and ordinances.   
 
 

Continuous Owner’s Association 
and individual owners 
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BMP Name  BMP Implementation, Maintenance, and Inspection 
Procedures 

Implementation, 
Maintenance, and 

Inspection Frequency 
and Schedule 

Person or Entity with 
Operation & 
Maintenance 

Responsibility 
STORMWATER QUALITY CONTROL BMPs 

(T-6) – Proprietary Treatment Control 
Measures 

Proprietary stormwater quality control measure 
vendors are constantly updating and 
expanding their product lines, so refer to the latest 
design guidance from the vendors. 

See below. Owner’s Association 

Stormexx Clean Catch Basin Filter Inserts – 
Advanced Drainage Systems 

Inserts to be installed at all roadway/parking catch 
basins as indicated on LID Site Plan.  Keep the grate 
and area within 6’ of the grate clean and free of 
leaves, grass clippings, sediment and debris to 
minimize these contaminants from entering the unit 
housing.  Periodic visual inspections involve looking 
through the grate to see if any standing water exists.  
Replace filter cartridge if standing water is in the 
housing.  Maintenance schedules will vary with 
rainfall and pollutant concentration levels.  Typical 
post-construction installations will require cartridge 
change-outs once or twice per year.  If sediment 
reaches a height of 6” to 8” above bottom of the 24” 
housing, the sediment should be dumped and the 
filter cartridge inspected and replaced if necessary.   

Continuous Owner’s Association 
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BMP Name  BMP Implementation, Maintenance, and Inspection 
Procedures 

Implementation, 
Maintenance, and 

Inspection Frequency 
and Schedule 

Person or Entity with 
Operation & 
Maintenance 

Responsibility 
96” Perforated Underground Retention 
System – Contech Engineered Solutions 

CMP detention systems should be cleaned when an 
inspection reveals accumulated sediment or trash is 
clogging the discharge orifice. 
 
Accumulated sediment and trash can typically be 
evacuated through the manhole over the outlet 
orifice. Manhole covers should be securely seated 
following cleaning activities. Should it be necessary 
to get inside the system to perform maintenance 
activities, all appropriate precautions regarding 
confined space entry and OSHA regulations should 
be followed. 
 
Maintaining an underground detention or infiltration 
system is easiest when there is no flow entering the 
system. For this reason, it is a good idea to schedule 
the cleanout during dry weather. 
 
Inspect prior to and after the rainy season and 72 
hours after large storm events (greater than  1-inch) 
to verify there is no standing water. 
 

As needed Owner’s Association 
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Operations and Maintenance (O&M) Plan 

  



 

 

 

Tract Map No. 82315 
1000 N. Azusa Ave. & 845 W. Cypress St. 

Covina, CA 91722 
Grading Permit No._____________, Building Permit No._____________ 

 
 

 

 



 

Operations and Maintenance Plan Page 1 

REQUIRED PERMITS 

If no permits are required for implementation, operation or maintenance of the BMPs. 

RECORDKEEPING 

All records must be made available for review upon request.  

RESPONSIBLE PARTY 

The owner is aware of the maintenance responsibilities of the proposed BMPs. A funding mechanism is 
in place to maintain the BMPs at the frequency stated in the LID Plan. The contact information for the 
entity responsible is below: 

Name:  

Company: PKL Investments, LLC 

Title: Landowner 

Address 1: 2863 Maricopa Street 

Address 2: Torrance, CA 90503 

Phone Number: (714) 738-0828 

Email:  

 

 



(OPERATION, MAINTENANCE AND MONITORING PLAN) 
Stormwater Quality Control 

 
 

96” Diameter Perforated Underground Retention System 

Owner's Association to conduct ongoing annual inspections of 96" Corrugated 

Metal Pipe (CMP) Subsurface Infiltration Basin. System to be cleaned when 

inspection reveals that accumulated sediment or trash is clogging the discharge 

orifice or when any salt or other corrosive substance concentrations or 

accumulations are observed. Inspection, maintenance and records to be 

conducted according to recommendations contained in attached Contech CMP 

Detention & Infiltration Maintenance Guide. 

Stormexx Clean Catch Basin Filters 

Inserts to be installed at all roadway/parking catch basins as indicated on LID Site 

Plan.  The inserts should be inspected during each season before and after rain 

events to ensure that the insert filter assembly is ready to accept and treat 

stormwater run-off.  Keep the grate and area within 6’ of the grate clean and free 

of leaves, grass clippings, sediment and debris to minimize these contaminants 

from entering the unit housing.  Periodic visual inspections involve looking 

through the grate to see if any standing water exists.  Replace filter cartridge if 

standing water is in the housing.  Maintenance schedules will vary with rainfall 

and pollutant concentration levels.  Typical post-construction installations will 

require cartridge change-outs once or twice per year.  If sediment reaches a 

height of 6” to 8” above bottom of the 24” housing, the sediment should be 

dumped and the filter cartridge inspected and replaced if necessary.   



Contech® CMP Detention & Infiltration
Maintenance Guide

ENGINEERED SOLUTIONS

CMP DETENTION SYSTEMS
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Contech® CMP Detention

Underground stormwater detention/infiltration and retention systems must be properly inspected and maintained at regular 

intervals for purposes of performance and longevity.

Inspection
Inspection is the key to effective maintenance and is easily performed. Contech recommends ongoing quarterly inspections. 

The rate at which the system collects pollutants will depend more heavily on site specific activities rather than the size or 

configuration of the system. Inspections should be performed more often in equipment washdown areas, in climates where 

sanding and/or salting operations take place, and in various other instances in which higher accumulations of sediment or 

abrasive / corrosive conditions may exist. Inspection and maintenance records should be maintained for the life of the system.

Maintenance 

Systems should be cleaned when inspection reveals that accumulated sediment or trash is clogging the discharge orifice. 

Accumulated sediment and trash can typically be evacuated through the manhole over the outlet orifice. If maintenance is 

not performed as recommended, sediment and trash may accumulate in front of the outlet orifice. Manhole covers should be 

securely seated following cleaning activities. Contech suggests that all systems be designed with an access/inspection manhole 

situated at or near the inlet and the outlet orifice. Should it be necessary to get inside the system to perform maintenance 

activities, all appropriate precautions regarding confined space entry and OSHA regulations should be followed.

If inspectors observe any salt or other corrosive substance concentrations or accumulations in the system, or if salt or other 

corrosive substance is used or prevalent near the system, it is recommended to rinse the system above the spring line annually 

between late spring and early summer as part of the maintenance program. This maintenance is required for infiltration systems. 

Excessive salting should be avoided and pavement should be sealed to reduce salt infiltration from the surface.  

Maintaining an underground detention or retention system is easiest when there is no flow entering the system. For this reason, 

it is a good idea to schedule the cleanout during dry weather.

The foregoing inspection and maintenance efforts help ensure underground pipe systems used for stormwater storage continue 

to function as intended by identifying recommended regular inspection and maintenance practices. Inspection and maintenance 

related to the structural integrity of the pipe or the soundness of pipe joint connections is beyond the scope of this guide.



2	 3

Inspection & Maintenance Log Sample Template

__________” Diameter System Location: Anywhere, USA

Date
Depth of 
Sediment

Accumulated 
Trash

Maintenance 
Performed

Maintenance 
Personnel

Comments

12/01/10 2” None Removed Sediment B. Johnson Installed

03/01/11 1” Some
Removed Sediment 

and Trash
B. Johnson Swept parking lot

06/01/11 0” None None

09/01/11 0” Heavy Removed Trash S. Riley

12/01/11 1” None Removed Sediment S. Riley

04/01/12 0” None None S. Riley

04/15/01
2 
 

Some
Removed Sediment 

and Trash
ACE Environmental 

Services

SAMPLE



Support
Drawings and specifications are available at www.ContechES.com.
Site-specific support is available from our engineers.

©2016 Contech Engineered Solutions LLC

Contech Engineered Solutions LLC provides site solutions for the civil engineering industry. Contech’s portfolio includes bridges, drainage, 
sanitary sewer, stormwater, earth stabilization and wastewater treatment products. For information, visit www.ContechES.com or call 
800.338.1122.

NOTHING IN THIS CATALOG SHOULD BE CONSTRUED AS A WARRANTY. APPLICATIONS SUGGESTED HEREIN ARE DESCRIBED ONLY TO HELP 
READERS MAKE THEIR OWN EVALUATIONS AND DECISIONS, AND ARE NEITHER GUARANTEES NOR WARRANTIES OF SUITABILITY FOR ANY 
APPLICATION. CONTECH MAKES NO WARRANTY WHATSOEVER, EXPRESS OR IMPLIED, RELATED TO THE APPLICATIONS, MATERIALS, COATINGS, 
OR PRODUCTS DISCUSSED HEREIN. ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND ALL IMPLIED WARRANTIES OF FITNESS FOR ANY 
PARTICULAR PURPOSE ARE DISCLAIMED BY CONTECH. SEE CONTECH’S CONDITIONS OF SALE (AVAILABLE AT WWW.CONTECHES.COM/COS) FOR 
MORE INFORMATION.

The product(s) described may be protected by one or more of the following US patents:  5,322,629; 5,624,576; 5,707,527; 5,759,415; 5,788,848; 5,985,157; 6,027,639; 6,350,374; 6,406,218; 
6,641,720; 6,511,595; 6,649,048; 6,991,114; 6,998,038; 7,186,058; 7,296,692; 7,297,266;  related foreign patents or other patents pending.

800.338.1122
www.ContechES.com

ENGINEERED SOLUTIONS

CMP DETENTION SYSTEMS

CMP Maintenance Guide PDF 6/16
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BMP Name  BMP Implementation, Maintenance, and Inspection 
Procedures 

Implementation, 
Maintenance, and 

Inspection Frequency 
and Schedule 

Person or Entity with 
Operation & 
Maintenance 

Responsibility 
NON-STRUCTURAL SOURCE CONTROL BMPs 

Education for Property Owners, Tenants and 
Occupants 

Owner’s Association will provide educational 
materials.  

Continuous Owner’s Association 

Activity Restriction Owner’s Association will provide materials outlining 
restricted activities. 

Continuous Owner’s Association 

Common Area Landscape Management Construction Manager during construction.  Owner’s 
Association through its landscape maintenance firm. 

Monthly during regular 
maintenance. 

Owner’s Association 

Common Area Litter Control Owner’s Association and owners Continuous Owner’s Association 
and owners 

Housekeeping of Loading Docks Owner’s Association and owners n/a n/a 

Common Area Catch Basin Inspection Owner’s Association and owners. Inspect, cleaned 
and maintained at 100% of the catch basins and 
inlets on an annual basis. Cleaning to take place in 
late summer/early fall. 

Annually Owner’s Association 
and owners 

Street Sweeping Private Streets and Parking 
Lots 

Owner’s Association to insure sweeping occurs and 
trash, sediment and debris is not located in gutters. 

Weekly Owner’s Association 

 

 

 



 

Operations and Maintenance Plan  Page 3 

BMP Name  BMP Implementation, Maintenance, and Inspection 
Procedures 

Implementation, 
Maintenance, and 

Inspection Frequency 
and Schedule 

Person or Entity with 
Operation & 
Maintenance 

Responsibility 
STRUCTURAL SOURCE CONTROL BMPs 

(S-1) – Storm Drain Message & Signage The signs must be placed so they are easily visible to 
the public.  Legibility and visibility of markers and 
signs should be maintained (e.g., signs should be 
repainted or replaced as necessary).  
 

Continuous Owner’s Association 

(S-3) – Outdoor Trash Storage & Waste        
Handling Area 

Outdoor trash storage areas must be checked 
periodically to ensure containment of accumulated 
water and prevention of stormwater run-on. 
Contaminated accumulated water must be 
disposed of in accordance with applicable laws and 
regulations, and cannot be discharged directly to the 
storm drain or sanitary sewer system without 
appropriate permitting.   
 

Continuous Owner’s Association 

(S-8) – Landscape Irrigation Practices  Maintain irrigation areas to remove trash and debris 
and loose vegetation. Rehabilitate areas of bare soil.  
Inspect and maintain irrigation equipment and 
components to ensure proper functionality. Clean 
equipment as necessary to prevent algae growth and 
vector breeding.  
 

Monthly during regular 
maintenance. 

Owner’s Association 

(S-9) – Building Materials Selection Design Considerations/Specifications of building 
materials to be added at design phase.  The integrity 
of structural elements that are subject to damage 
(e.g., signs) must be maintained as required by local 
codes and ordinances.   
 
 

Continuous Owner’s Association 
and individual owners 
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BMP Name  BMP Implementation, Maintenance, and Inspection 
Procedures 

Implementation, 
Maintenance, and 

Inspection Frequency 
and Schedule 

Person or Entity with 
Operation & 
Maintenance 

Responsibility 
STORMWATER QUALITY CONTROL BMPs 

(T-6) – Proprietary Treatment Control 
Measures 

Proprietary stormwater quality control measure 
vendors are constantly updating and 
expanding their product lines, so refer to the latest 
design guidance from the vendors. 

See below. Owner’s Association 

Stormexx Clean Catch Basin Filter Inserts – 
Advanced Drainage Systems 

Inserts to be installed at all roadway/parking catch 
basins as indicated on LID Site Plan.  Keep the grate 
and area within 6’ of the grate clean and free of 
leaves, grass clippings, sediment and debris to 
minimize these contaminants from entering the unit 
housing.  Periodic visual inspections involve looking 
through the grate to see if any standing water exists.  
Replace filter cartridge if standing water is in the 
housing.  Maintenance schedules will vary with 
rainfall and pollutant concentration levels.  Typical 
post-construction installations will require cartridge 
change-outs once or twice per year.  If sediment 
reaches a height of 6” to 8” above bottom of the 24” 
housing, the sediment should be dumped and the 
filter cartridge inspected and replaced if necessary.   

Continuous Owner’s Association 
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BMP Name  BMP Implementation, Maintenance, and Inspection 
Procedures 

Implementation, 
Maintenance, and 

Inspection Frequency 
and Schedule 

Person or Entity with 
Operation & 
Maintenance 

Responsibility 
96” Perforated Underground Retention 
System – Contech Engineered Solutions 

CMP detention systems should be cleaned when an 
inspection reveals accumulated sediment or trash is 
clogging the discharge orifice. 
 
Accumulated sediment and trash can typically be 
evacuated through the manhole over the outlet 
orifice. Manhole covers should be securely seated 
following cleaning activities. Should it be necessary 
to get inside the system to perform maintenance 
activities, all appropriate precautions regarding 
confined space entry and OSHA regulations should 
be followed. 
 
Maintaining an underground detention or infiltration 
system is easiest when there is no flow entering the 
system. For this reason, it is a good idea to schedule 
the cleanout during dry weather. 
 
Inspect prior to and after the rainy season and 72 
hours after large storm events (greater than  1-inch) 
to verify there is no standing water. 
 

As needed Owner’s Association 
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DATE:PROJECT No.:

631709

SEQ. No.:

010

PROPOSAL

CONTECH

DRAWING

96"Ø PERFORATED UNDERGROUND RETENTION SYSTEM -

631709-010

TENTATIVE TRACT MAP NO. 82315

COVINA, CA

SITE DESIGNATION: BASIN A

The design and information shown on this drawing is provided

as a service to the project owner, engineer and contractor by

Contech Engineered Solutions LLC ("Contech").  Neither this

drawing, nor any part thereof, may be used, reproduced or

modified in any manner without the prior written consent of

Contech.  Failure to comply is done at the user's own risk and

Contech expressly disclaims any liability or responsibility for

such use.

If discrepancies between the supplied information upon which

the drawing is based and actual field conditions are encountered

as site work progresses, these discrepancies must be reported

to Contech immediately for re-evaluation of the design.  Contech

accepts no liability for designs based on missing, incomplete or

inaccurate information supplied by others.

www.ContechES.com

MARK DATE REVISION DESCRIPTION BY

P4

    

    

    

    

    

BAND, TYPICAL

SEE DETAIL SHEET P3

NOTES

· THE PIPE SHOULD BE FULLY PERFORATED IN ACCORDANCE WITH AASHTO M 36, SECTION 8.3.2.2,

AND USING CLASS 2 PERFORATIONS.  THE TOTAL OPEN AREA OF THE PERFORATIONS WILL BE A

MINIMUM OF 2.3% OF THE PIPE SURFACE AREA.

· BULKHEADS SHALL BE 12-GAGE OR HEAVIER STEEL AND THE COATING WILL MATCH THE

SPECIFIED CMP COATING.  BULKHEAD PLATES SHALL BE FULLY WELDED ONTO THE CMP WITH

STEEL REINFORCEMENT AS REQUIRED.  THE STEEL REINFORCEMENT SHALL BE POST COATED

WITH ZINC RICH PAINT PER AASHTO M 36.  BULKHEAD DESIGNS SHALL SATISFY THE

REQUIREMENTS SHOWN IN CHAPTER 8 OF THE NCSPA CSP DESIGN MANUAL AND CALCULATIONS

SHALL BE PROVIDED TO THE ENGINEER OF RECORD (EOR) FOR APPROVAL UPON REQUEST.

· ALL FITTINGS SHALL BE STRUCTURALLY CHECKED FOR REINFORCEMENTS PER ASTM A998 AND

PROVIDED TO THE EOR FOR APPROVAL UPON REQUEST.

· CONNECTING BANDS FOR INFILTRATION SYSTEMS SHALL BE ANY TYPE, BUT MUST BE AT

LEAST 12” WIDE.  BANDS SHALL MATCH THE SPECIFIED CMP COATING AND MEET THE

REQUIREMENTS OF AASHTO M 36.

· ALL METALLIC COATINGS AFFECTED BY MANUFACTURING FABRICATION SHALL BE REPAIRED PER

AASHTO M 36 SECTION 11 REQUIREMENTS (E.G. ZINC-RICH PAINT ON ALL WELDS).  IF POLYMER

COATINGS ARE USED THE REPAIR OF DAMAGED COATINGS WILL BE IN CONFORMANCE WITH

AASHTO M 245 SECTION 11 REQUIREMENTS.

· ACCESS LADDERS SHALL BE ATTACHED BY THE MANUFACTURER PRIOR TO DELIVERY, NOT

INSTALLED ON THE JOBSITE.

ASSEMBLY

SCALE: 1" = 10'

PIPE STORAGE:  5,178 CF

STRUCTURAL BACKFILL STORAGE: 2,126 CF

TOTAL STORAGE PROVIDED: 7,304 CF

LOADING:  H20

PIPE INV. = TBD'±

10/16/2019

THE UNDERSIGNED HEREBY APPROVES THE ATTACHED

(P5) PAGES INCLUDING THE FOLLOWING:

CUSTOMER

· PIPE STORAGE = 5,178 CF

· MAINLINE PIPE GAGE = 16

· WALL TYPE = PERFORATED

· DIAMETER = 96"

· FINISH = ALT2

· CORRUGATION = 5x1

DATE

STUB INFORMATION

PIECE STUB INVERT

SYSTEM

INVERT

12"Ø STUB A2 TBD TBD

12"Ø STUB C2 TBD TBD

RISER INFORMATION

PIECE RIM ELEV.

SYSTEM

INVERT

36"Ø RISER A1 TBD TBD



1
.
7
5
"
 
C

C

T
Y

P

COIL WIDTH

OPEN AREA = 3.33 SQ IN/SQ FT

2.711"

9@2.711" = 24.399"

EDGE SPACING EQUAL ON BOTH SIDES

NOTES:

1. PERFORATIONS MEET AASHTO AND ASTM SPECIFICATIONS.

2. PERFORATION OPEN AREA PER SQUARE FOOT OF PIPE IS BASED

ON THE NOMINAL DIAMETER AND LENGTH OF PIPE.

3. DIMENSIONS SUBJECT TO MANUFACTURER'S TOLERANCES.

4. ALL HOLES 3/8"Ø.

EXFILTRATION AREA

STANDARD PERFORATION PATTERNS

APPROXIMATE AREA PER LINEAR FOOT OF PIPE

PIPE

CORRUGATION PATTERN

2 2/3" x 1/2" 3" x 1" 5" x 1" ULTRA FLO

96"Ø 97.7 SQ. IN. 103.2 SQ. IN. 100.4 SQ. IN.

NOTES:

· GAGE AND COATING LIMITATIONS APPLY. 5" x 1" IS NOT AVAILABLE IN

ALUMINUM.

· DIMENSIONS SUBJECT TO MANUFACTURER'S TOLERANCES.

TYPICAL PERFORATION DETAIL

NOT TO SCALE

30" SEE TYPICAL

BACKFILL DETAIL

NOTES

36" TYP.96" TYP.

LIMITS OF

REQUIRED

BACKFILL

TYPICAL SECTION VIEW

NOT TO SCALE

20 MIL PE

IMPERMEABLE

LINER OVER

TOP OF PIPE

(IF REQUIRED)

NOTE: IF SALTING AGENTS FOR SNOW AND ICE REMOVAL ARE USED ON OR NEAR THE

PROJECT, A GEOMEMBRANE BARRIER IS RECOMMENDED WITH THE SYSTEM.  THE

GEOMEMBRANE LINER IS INTENDED TO HELP PROTECT THE SYSTEM FROM THE

POTENTIAL ADVERSE EFFECTS THAT MAY RESULT FROM A CHANGE IN THE

SURROUNDING ENVIRONMENT OVER A PERIOD OF TIME.  PLEASE REFER TO THE

CORRUGATED METAL PIPE DETENTION DESIGN GUIDE FOR ADDITIONAL INFORMATION.

DIAMETER

MIN.

COVER

CORR.

PROFILE

6"-10" 12" 1 1/2" x 1/4"

12"-48" 12" 2 2/3" x 1/2"

54"-96" 12"
3" x 1", 5" x 1"

102"-144" D/8
3" x 1", 5" x 1"

BACKFILL REQUIREMENTS FOLLOW THE GUIDELINES OF AASHTO LRFD BRIDGE DESIGN (SEC 12) AND CONSTRUCTION (SEC 26)

1 MINIMUM TRENCH WIDTH MUST ALLOW ROOM FOR PROPER COMPACTION OF HAUNCH MATERIALS UNDER THE PIPE.

       THE MINIMUM TRENCH WIDTH (12.6.6.1):

PIPE ≤ 12": D + 16"

PIPE > 12": 1.5D + 12"

1a MINIMUM EMBANKMENT WIDTH (IN FEET) FOR INITIAL FILL ENVELOPE (12.6.6.2):

PIPE < 24": 3.0D

PIPE 24" - 144": D + 4'0"

PIPE > 144": D + 10'0"

2 THE FOUNDATION UNDER THE PIPE AND SIDE BACKFILL SHALL BE ADEQUATE TO SUPPORT THE LOADS ACTING UPON IT (26.5.2).

3 BEDDING MATERIAL SHALL BE A RELATIVELY LOOSE GRANULAR MATERIAL THAT IS ROUGHLY SHAPED TO FIT THE BOTTOM OF THE PIPE,

AND A MINIMUM OF TWICE THE CORRUGATION DEPTH IN THICKNESS, WITH THE MAXIMUM PARTICLE SIZE OF ONE-HALF OF THE

CORRUGATION DEPTH (26.3.8.1, 26.5.3).

4 PERFORATED CORRUGATED STEEL PIPE (CSP / HEL-COR).

5 HAUNCH ZONE MATERIAL SHALL BE HAND SHOVELED OR SHOVEL SLICED INTO PLACE TO ALLOW FOR PROPER COMPACTION (26.5.4).

5a    BACKFILL MATERIAL SHALL BE A CLEAN, CRUSHED STONE MEETING SIZE NO. 3 OR 4, PER AASHTO M 43. IT IS RECOMMENDED THAT LIFTS

NOT EXCEED AN 8" UNCOMPACTED LIFT HEIGHT TO PREVENT UNEVEN LOADING, AND THE LESSER OF 1/3 THE DIAMETER OR 24" AS THE

MAXIMUM DIFFERENTIAL SIDE-TO-SIDE. COMPACTION OF ALL PLACED FILL MATERIAL IS NECESSARY AND SHALL BE CONSIDERED

ADEQUATE WHEN NO FURTHER YIELDING OF THE MATERIAL IS OBSERVED UNDER THE COMPACTOR, OR UNDER FOOT, AND THE

PROJECT ENGINEER, OR THEIR REPRESENTATIVE, IS SATISFIED WITH THE LEVEL OF COMPACTION (26.5.4).

6 INITIAL BACKFILL ABOVE PIPE MAY INCLUDE ROAD BASE MATERIAL (AND RIGID PAVEMENT IF APPLICABLE). SEE TABLE ABOVE.

6a TOTAL HEIGHT OF COMPACTED COVER FOR CONVENTIONAL HIGHWAY LOADS IS MEASURED FROM TOP OF PIPE TO BOTTOM OF

FLEXIBLE PAVEMENT OR TOP OF RIGID PAVEMENT (12.6.6.3).

7 GEOTEXTILE SHALL BE USED TO WRAP TRENCH SIDES AND TOP ONLY TO PREVENT SOIL MIGRATION INTO VARYING SOIL TYPES

(PROJECT ENGINEER).

8 FINAL BACKFILL MATERIAL SELECTION AND COMPACTION REQUIREMENTS SHALL FOLLOW THE PROJECT PLANS AND SPECIFICATIONS

PER THE ENGINEER OF RECORD (26.5.4.1).

NOTES:

· FOR MULTIPLE BARREL INSTALLATIONS THE RECOMMENDED STANDARD SPACING BETWEEN PARALLEL PIPE RUNS SHALL BE PIPE DIA./2

BUT NO LESS THAN 12", OR 36" FOR PIPE DIAMETERS 72" AND LARGER. CONTACT YOUR CONTECH REPRESENTATIVE FOR

NONSTANDARD SPACING (TABLE C12.6.7-1).

6

FINAL BACKFILL

INITIAL BACKFILL 

6a

BEDDING

FOUNDATION

P
I
P

E
 
E

M
B

E
D

M
E

N
T

D

I

A

M

E

T

E

R

 

(

D

)

IN SITU

5a

7

5

3

2

4

8

TYPICAL BACKFILL DETAIL

NOT TO SCALE

EMBANKMENT CONDITIONTRENCH CONDITION

INITIAL FILL ENVELOPE   1    1a

11815 NE Glenn Widing Drive, Portland, OR 97220

800-548-4667         503-240-3393         800-561-1271 FAX
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PROPOSAL

CONTECH

DRAWING

96"Ø PERFORATED UNDERGROUND RETENTION SYSTEM -

631709-010

TENTATIVE TRACT MAP NO. 82315

COVINA, CA

SITE DESIGNATION: BASIN A

The design and information shown on this drawing is provided

as a service to the project owner, engineer and contractor by

Contech Engineered Solutions LLC ("Contech").  Neither this

drawing, nor any part thereof, may be used, reproduced or

modified in any manner without the prior written consent of

Contech.  Failure to comply is done at the user's own risk and

Contech expressly disclaims any liability or responsibility for

such use.

If discrepancies between the supplied information upon which

the drawing is based and actual field conditions are encountered

as site work progresses, these discrepancies must be reported

to Contech immediately for re-evaluation of the design.  Contech

accepts no liability for designs based on missing, incomplete or

inaccurate information supplied by others.

www.ContechES.com
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PIPE Ø
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2'-6"
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A
X

.

FRONT

TYPICAL MANWAY DETAIL

NOT TO SCALE

96"Ø to 144"Ø FITTING REINFORCEMENT

MAY BE REQUIRED BASED ON HEIGHT OF

COVER AND LIVE LOAD CONDITION

PLAN

10/16/2019



HUGGER

BAND

NO GASKET

CONNECTION DETAIL

(SBBS)

2 2/3"x1/2" RE-ROLLED END HEL-COR PIPE

H-12 HUGGER BAND DETAIL

NOT TO SCALE

GENERAL NOTES:

1. JOINT IS TO BE ASSEMBLED PER AASHTO BRIDGE CONSTRUCTION SPECIFICATION SEC 26.4.2.4.

2. BAND MATERIALS AND/OR COATING CAN VARY BY LOCATION. CONTACT YOUR CONTECH REPRESENTATIVE FOR AVAILABILITY.

3. BANDS ARE SHAPED TO MATCH THE PIPE-ARCH WHEN APPLICABLE.

4. BANDS ARE NORMALLY FURNISHED AS FOLLOWS:

· 12" THRU 48" 1-PIECE

· 54" THRU 96" 2-PIECES

· 102" THRU 144" 3-PIECES

5. BAND FASTENERS ARE ATTACHED WITH SPOT WELDS, RIVETS OR HAND WELDS.

6. ALL CMP IS REROLLED TO HAVE ANNULAR END CORRUGATIONS OF 2 2/3"x1/2"

7. DIMENSIONS ARE SUBJECT TO MANUFACTURING TOLERANCES.

8. ORDER SHALL DESIGNATE GASKET OPTION, IF REQUIRED (SEE DETAILS ABOVE).

SINGLE BAR,

BOLT AND STRAP (SBBS)

12 1/8"

10 1/4"

12"

 TECHCO BAND ANGLES

 1/2" DIA. BOLT

12" RISER BAND DETAIL

NOT TO SCALE

PLAIN END CMP RISER PIPE

CONNECTION DETAIL

7 1/2" TECHCO SHOWN - MAY VARY

S
T

U
B

 
H

E
I
G

H
T

2
'
-
0

"
 
R

E
C

O
M

M
E

N
D

E
D

1
2

"
 
M

I
N

.

MAINLINE

PIPE

RISER

EXTENSION
FLAT BAND SHOWN,

MAY VARY (NO

GASKET)

GENERAL NOTES:

1. DELIVERED BAND STYLE AND FASTENER TYPE MAY VARY BY FABRICATION PLANT.

2. JOINT IS TO BE ASSEMBLED PER AASHTO BRIDGE CONSTRUCTION SPECIFICATION SEC 26.4.2.4.

3. BAND MATERIAL AND GAGE TO BE SAME AS RISER MATERIAL.

4. IF RISER HAS A HEIGHT OF COVER OF 10' OR MORE, USE A SLIP JOINT.

5. BANDS ARE NORMALLY FURNISHED AS FOLLOWS:

· 12" THRU 48" 1-PIECE

· 54" 2-PIECES

6. ALL RISER JOINT COMPONENTS WILL BE FIELD ASSEMBLED.

7. MANHOLE RISERS IN APPLICATIONS WHERE TRAFFIC LOADS ARE IMPOSED REQUIRE SPECIAL DESIGN CONSIDERATIONS.

8. DIMENSIONS SUBJECT TO MANUFACTURING TOLERANCES.

ELEVATION VIEW

OF CMP AND RISER

CONNECTION DETAIL

(SBBS)

11815 NE Glenn Widing Drive, Portland, OR 97220

800-548-4667         503-240-3393         800-561-1271 FAX
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CONTECH

DRAWING

96"Ø PERFORATED UNDERGROUND RETENTION SYSTEM -

631709-010

TENTATIVE TRACT MAP NO. 82315

COVINA, CA

SITE DESIGNATION: BASIN A

The design and information shown on this drawing is provided

as a service to the project owner, engineer and contractor by

Contech Engineered Solutions LLC ("Contech").  Neither this

drawing, nor any part thereof, may be used, reproduced or

modified in any manner without the prior written consent of

Contech.  Failure to comply is done at the user's own risk and

Contech expressly disclaims any liability or responsibility for

such use.

If discrepancies between the supplied information upon which

the drawing is based and actual field conditions are encountered

as site work progresses, these discrepancies must be reported

to Contech immediately for re-evaluation of the design.  Contech

accepts no liability for designs based on missing, incomplete or

inaccurate information supplied by others.

www.ContechES.com

MARK DATE REVISION DESCRIPTION BY P4

    

    

    

    

    

10/16/2019



MANHOLE CAP DETAIL

NOT TO SCALE

8
"

11" TYP.

2
"
 
C

O
V

E
R

T
Y

P
.

1
"
 
G

A
P

 
(
T

Y
P

.
 
A

L
L

S
I
D

E
S

)

NOTES:

1. DESIGN IN ACCORDANCE WITH AASHTO, 17th

EDITION AND ACI 350.

2. DESIGN LOAD HS25.

3. EARTH COVER = 1' MAX.

4. CONCRETE STRENGTH = 4,000 psi

5. REINFORCING STEEL = ASTM A615, GRADE 60.

6. PROVIDE ADDITIONAL REINFORCING AROUND

OPENINGS EQUAL TO THE BARS INTERRUPTED,

HALF EACH SIDE.  ADDITIONAL BARS TO BE IN THE

SAME PLANE.

A

A

2" COVER

(TYP)

SECTION VIEW

ROUND OPTION PLAN VIEW SQUARE OPTION PLAN VIEW

Ø CMP RISER

INTERRUPTED BAR

REPLACEMENT,

SEE NOTE 6.

STANDARD

REINFORCING,

SEE TABLE

OPENING IN

PROTECTION

SLAB FOR

ACESS

#4 DIAGONAL TRIM

BAR (TYP. 4 PLACES),

SEE NOTE 7.

A

INTERRUPTED BAR

REPLACEMENT, SEE

NOTE 6.

B

OPENING IN

PROTECTION

SLAB FOR

ACCESS

#4 DIAGONAL TRIM

BAR (TYP. 4 PLACES),

SEE NOTE 7.

STANDARD

REINFORCING,

SEE TABLE

GASKET MATERIAL

SUFFICIENT TO PREVENT

SLAB FROM BEARING ON

RISER TO BE PROVIDED BY

CONTRACTOR.

2

"

 

C

O

V

E

R

(

T

Y

P

.

)

ØB

REINFORCING TABLE

Ø CMP

RISER

A B Ø REINFORCING

**BEARING

PRESSURE

(PSF)

24"

4'Ø

4'x4'

26"

#5 @ 10" OCEW

#5 @ 10" OCEW

2,540

1,900

30"

4'-6"Ø

4'-6" x 4'-6"

32"

#5 @ 10" OCEW

#5 @ 9" OCEW

2,260

1,670

36"

5'Ø

5' x 5'

38"

#5 @ 9" OCEW

#5 @ 8" OCEW

2,060

1,500

42"

5'-6"Ø

5'-6" x 5'-6"

44"

#5 @ 8" OCEW

#5 @ 8" OCEW

1,490

1,370

48"

6'Ø

6' x 6'

50"

#5 @ 7" OCEW

#5 @ 7" OCEW

1,210

1,270

** ASSUMED SOIL BEARING CAPACITY

1
'
-
0
"

A

2

"

 

C

O

V

E

R

(

T

Y

P

.

)

2

"

 

C

O

V

E

R

(

T

Y

P

)

7. TRIM OPENING WITH DIAGONAL #4 BARS, EXTEND BARS A

MINIMUM OF 12" BEYOND OPENING, BEND BARS AS REQUIRED

TO MAINTAIN BAR COVER.

8. PROTECTION SLAB AND ALL MATERIALS TO BE PROVIDED AND

INSTALLED BY CONTRACTOR.

9. DETAIL DESIGN BY DELTA ENGINEERS, ARCHITECTS AND LAND

SURVEYORS, ENDWELL, NY.

ØB

36"Ø MAX., HS-25 ACCESS CASTING

WITH GRADE RINGS AS REQUIRED, TO

BE PROVIDED AND INSTALLED BY

CONTRACTOR.  MAY BE TOP MOUNTED

(AS SHOWN) OR RECESSED.

CMP

PROTECTION

SLAB

VARIES

RIM/FINISHED

GRADE

ACCESS CASTING NOT SUPPLIED BY CONTECH

11815 NE Glenn Widing Drive, Portland, OR 97220

800-548-4667         503-240-3393         800-561-1271 FAX
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COVINA, CA

SITE DESIGNATION: BASIN A

The design and information shown on this drawing is provided

as a service to the project owner, engineer and contractor by

Contech Engineered Solutions LLC ("Contech").  Neither this

drawing, nor any part thereof, may be used, reproduced or

modified in any manner without the prior written consent of

Contech.  Failure to comply is done at the user's own risk and

Contech expressly disclaims any liability or responsibility for

such use.

If discrepancies between the supplied information upon which

the drawing is based and actual field conditions are encountered

as site work progresses, these discrepancies must be reported

to Contech immediately for re-evaluation of the design.  Contech

accepts no liability for designs based on missing, incomplete or

inaccurate information supplied by others.

www.ContechES.com

CONSTRUCTION LOADS

FOR TEMPORARY CONSTRUCTION VEHICLE LOADS, AN EXTRA AMOUNT OF COMPACTED COVER MAY BE REQUIRED OVER

THE TOP OF THE PIPE.  THE HEIGHT-OF-COVER SHALL MEET THE MINIMUM REQUIREMENTS SHOWN IN THE TABLE BELOW.

THE USE OF HEAVY CONSTRUCTION EQUIPMENT NECESSITATES GREATER PROTECTION FOR THE PIPE THAN FINISHED

GRADE COVER MINIMUMS FOR NORMAL HIGHWAY TRAFFIC.

PIPE SPAN,

INCHES

18-50

MINIMUM COVER (FT)

AXLE LOADS

(kips)

50-75 75-110 110-150

12-42 2.0 2.5 3.0 3.0

4.03.53.048-72 3.0

3.078-120 3.5 4.0 4.0

4.54.54.0126-144 3.5

*MINIMUM COVER MAY VARY, DEPENDING ON LOCAL CONDITIONS.  THE CONTRACTOR MUST PROVIDE THE ADDITIONAL

COVER REQUIRED TO AVOID DAMAGE TO THE PIPE.  MINIMUM COVER IS MEASURED FROM THE TOP OF THE PIPE TO

THE TOP OF THE MAINTAINED CONSTRUCTION ROADWAY SURFACE.

 HEIGHT OF

COVER

TEMPORARY COVER FOR

CONSTRUCTION LOADS

FINISHED

GRADE

 CONSTRUCTION LOADING DIAGRAM

NOT TO SCALE

SCOPE

THIS SPECIFICATION COVERS THE MANUFACTURE AND

INSTALLATION OF THE CORRUGATED STEEL PIPE (CSP) DETAILED IN

THE PROJECT PLANS.

MATERIAL

THE ALUMINIZED TYPE 2 STEEL COILS SHALL CONFORM TO THE

APPLICABLE REQUIREMENTS OF AASHTO M274 OR ASTM A929.

PIPE

THE CSP SHALL BE MANUFACTURED IN ACCORDANCE WITH THE

APPLICABLE REQUIREMENTS OF AASHTO M36 OR ASTM A760.  THE

PIPE SIZES, GAGES AND CORRUGATIONS SHALL BE AS SHOWN ON

THE PROJECT PLANS.

ALL FABRICATION OF THE PRODUCT SHALL OCCUR WITHIN THE

UNITED STATES.

HANDLING AND ASSEMBLY

SHALL BE IN ACCORDANCE WITH  RECOMMENDATIONS OF THE

NATIONAL CORRUGATED STEEL PIPE ASSOCIATION (NCSPA)

INSTALLATION

SHALL BE IN ACCORDANCE WITH AASHTO STANDARD

SPECIFICATIONS FOR HIGHWAY BRIDGES, SECTION 26, DIVISION II

OR ASTM A798 AND IN CONFORMANCE WITH THE PROJECT PLANS

AND SPECIFICATIONS.  IF THERE ARE ANY INCONSISTENCIES OR

CONFLICTS THE CONTRACTOR SHOULD DISCUSS AND RESOLVE

WITH THE SITE ENGINEER.

IT IS ALWAYS THE RESPONSIBILITY OF THE CONTRACTOR TO

FOLLOW OSHA GUIDELINES FOR SAFE PRACTICES.

SPECIFICATION FOR CORRUGATED STEEL PIPE-ALUMINIZED TYPE 2 STEEL

MATERIAL SPECIFICATION

NOT TO SCALE

MARK DATE REVISION DESCRIPTION BY
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The design and information shown on this drawing is provided

as a service to the project owner, engineer and contractor by

Contech Engineered Solutions LLC ("Contech").  Neither this
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such use.
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inaccurate information supplied by others.
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P4
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BAND, TYPICAL

SEE DETAIL SHEET P3

NOTES

· THE PIPE SHOULD BE FULLY PERFORATED IN ACCORDANCE WITH AASHTO M 36, SECTION 8.3.2.2,

AND USING CLASS 2 PERFORATIONS.  THE TOTAL OPEN AREA OF THE PERFORATIONS WILL BE A

MINIMUM OF 2.3% OF THE PIPE SURFACE AREA.

· BULKHEADS SHALL BE 12-GAGE OR HEAVIER STEEL AND THE COATING WILL MATCH THE

SPECIFIED CMP COATING.  BULKHEAD PLATES SHALL BE FULLY WELDED ONTO THE CMP WITH

STEEL REINFORCEMENT AS REQUIRED.  THE STEEL REINFORCEMENT SHALL BE POST COATED

WITH ZINC RICH PAINT PER AASHTO M 36.  BULKHEAD DESIGNS SHALL SATISFY THE

REQUIREMENTS SHOWN IN CHAPTER 8 OF THE NCSPA CSP DESIGN MANUAL AND CALCULATIONS

SHALL BE PROVIDED TO THE ENGINEER OF RECORD (EOR) FOR APPROVAL UPON REQUEST.

· ALL FITTINGS SHALL BE STRUCTURALLY CHECKED FOR REINFORCEMENTS PER ASTM A998 AND

PROVIDED TO THE EOR FOR APPROVAL UPON REQUEST.

· CONNECTING BANDS FOR INFILTRATION SYSTEMS SHALL BE ANY TYPE, BUT MUST BE AT

LEAST 12” WIDE.  BANDS SHALL MATCH THE SPECIFIED CMP COATING AND MEET THE

REQUIREMENTS OF AASHTO M 36.

· ALL METALLIC COATINGS AFFECTED BY MANUFACTURING FABRICATION SHALL BE REPAIRED PER

AASHTO M 36 SECTION 11 REQUIREMENTS (E.G. ZINC-RICH PAINT ON ALL WELDS).  IF POLYMER

COATINGS ARE USED THE REPAIR OF DAMAGED COATINGS WILL BE IN CONFORMANCE WITH

AASHTO M 245 SECTION 11 REQUIREMENTS.

· ACCESS LADDERS SHALL BE ATTACHED BY THE MANUFACTURER PRIOR TO DELIVERY, NOT

INSTALLED ON THE JOBSITE.

ASSEMBLY

SCALE: 1" = 10'

PIPE STORAGE:  6,284 CF

STRUCTURAL BACKFILL STORAGE: 2,555 CF

TOTAL STORAGE PROVIDED: 8,839 CF

LOADING:  H20

PIPE INV. = TBD'±

10/16/2019

THE UNDERSIGNED HEREBY APPROVES THE ATTACHED

(P4) PAGES INCLUDING THE FOLLOWING:

CUSTOMER

· PIPE STORAGE = 6,284 CF

· MAINLINE PIPE GAGE = 16

· WALL TYPE = PERFORATED

· DIAMETER = 96"

· FINISH = ALT2

· CORRUGATION = 5x1

DATE

STUB INFORMATION

PIECE STUB INVERT

SYSTEM

INVERT

12"Ø STUB A2 TBD TBD

12"Ø STUB A3 TBD TBD

12"Ø STUB A4 TBD TBD

12"Ø STUB C2 TBD TBD

RISER INFORMATION

PIECE RIM ELEV.

SYSTEM

INVERT

36"Ø RISER A1 TBD TBD



1
.
7
5
"
 
C

C

T
Y

P

COIL WIDTH

OPEN AREA = 3.33 SQ IN/SQ FT

2.711"

9@2.711" = 24.399"

EDGE SPACING EQUAL ON BOTH SIDES

NOTES:

1. PERFORATIONS MEET AASHTO AND ASTM SPECIFICATIONS.

2. PERFORATION OPEN AREA PER SQUARE FOOT OF PIPE IS BASED

ON THE NOMINAL DIAMETER AND LENGTH OF PIPE.

3. DIMENSIONS SUBJECT TO MANUFACTURER'S TOLERANCES.

4. ALL HOLES 3/8"Ø.

EXFILTRATION AREA

STANDARD PERFORATION PATTERNS

APPROXIMATE AREA PER LINEAR FOOT OF PIPE

PIPE

CORRUGATION PATTERN

2 2/3" x 1/2" 3" x 1" 5" x 1" ULTRA FLO

96"Ø 97.7 SQ. IN. 103.2 SQ. IN. 100.4 SQ. IN.

NOTES:

· GAGE AND COATING LIMITATIONS APPLY. 5" x 1" IS NOT AVAILABLE IN

ALUMINUM.

· DIMENSIONS SUBJECT TO MANUFACTURER'S TOLERANCES.

TYPICAL PERFORATION DETAIL

NOT TO SCALE

30" SEE TYPICAL

BACKFILL DETAIL

NOTES

36" TYP.96" TYP.

LIMITS OF

REQUIRED

BACKFILL

TYPICAL SECTION VIEW

NOT TO SCALE

20 MIL PE

IMPERMEABLE

LINER OVER

TOP OF PIPE

(IF REQUIRED)

NOTE: IF SALTING AGENTS FOR SNOW AND ICE REMOVAL ARE USED ON OR NEAR THE

PROJECT, A GEOMEMBRANE BARRIER IS RECOMMENDED WITH THE SYSTEM.  THE

GEOMEMBRANE LINER IS INTENDED TO HELP PROTECT THE SYSTEM FROM THE

POTENTIAL ADVERSE EFFECTS THAT MAY RESULT FROM A CHANGE IN THE

SURROUNDING ENVIRONMENT OVER A PERIOD OF TIME.  PLEASE REFER TO THE

CORRUGATED METAL PIPE DETENTION DESIGN GUIDE FOR ADDITIONAL INFORMATION.

DIAMETER

MIN.

COVER

CORR.

PROFILE

6"-10" 12" 1 1/2" x 1/4"

12"-48" 12" 2 2/3" x 1/2"

54"-96" 12"
3" x 1", 5" x 1"

102"-144" D/8
3" x 1", 5" x 1"

BACKFILL REQUIREMENTS FOLLOW THE GUIDELINES OF AASHTO LRFD BRIDGE DESIGN (SEC 12) AND CONSTRUCTION (SEC 26)

1 MINIMUM TRENCH WIDTH MUST ALLOW ROOM FOR PROPER COMPACTION OF HAUNCH MATERIALS UNDER THE PIPE.

       THE MINIMUM TRENCH WIDTH (12.6.6.1):

PIPE ≤ 12": D + 16"

PIPE > 12": 1.5D + 12"

1a MINIMUM EMBANKMENT WIDTH (IN FEET) FOR INITIAL FILL ENVELOPE (12.6.6.2):

PIPE < 24": 3.0D

PIPE 24" - 144": D + 4'0"

PIPE > 144": D + 10'0"

2 THE FOUNDATION UNDER THE PIPE AND SIDE BACKFILL SHALL BE ADEQUATE TO SUPPORT THE LOADS ACTING UPON IT (26.5.2).

3 BEDDING MATERIAL SHALL BE A RELATIVELY LOOSE GRANULAR MATERIAL THAT IS ROUGHLY SHAPED TO FIT THE BOTTOM OF THE PIPE,

AND A MINIMUM OF TWICE THE CORRUGATION DEPTH IN THICKNESS, WITH THE MAXIMUM PARTICLE SIZE OF ONE-HALF OF THE

CORRUGATION DEPTH (26.3.8.1, 26.5.3).

4 PERFORATED CORRUGATED STEEL PIPE (CSP / HEL-COR).

5 HAUNCH ZONE MATERIAL SHALL BE HAND SHOVELED OR SHOVEL SLICED INTO PLACE TO ALLOW FOR PROPER COMPACTION (26.5.4).

5a    BACKFILL MATERIAL SHALL BE A CLEAN, CRUSHED STONE MEETING SIZE NO. 3 OR 4, PER AASHTO M 43. IT IS RECOMMENDED THAT LIFTS

NOT EXCEED AN 8" UNCOMPACTED LIFT HEIGHT TO PREVENT UNEVEN LOADING, AND THE LESSER OF 1/3 THE DIAMETER OR 24" AS THE

MAXIMUM DIFFERENTIAL SIDE-TO-SIDE. COMPACTION OF ALL PLACED FILL MATERIAL IS NECESSARY AND SHALL BE CONSIDERED

ADEQUATE WHEN NO FURTHER YIELDING OF THE MATERIAL IS OBSERVED UNDER THE COMPACTOR, OR UNDER FOOT, AND THE

PROJECT ENGINEER, OR THEIR REPRESENTATIVE, IS SATISFIED WITH THE LEVEL OF COMPACTION (26.5.4).

6 INITIAL BACKFILL ABOVE PIPE MAY INCLUDE ROAD BASE MATERIAL (AND RIGID PAVEMENT IF APPLICABLE). SEE TABLE ABOVE.

6a TOTAL HEIGHT OF COMPACTED COVER FOR CONVENTIONAL HIGHWAY LOADS IS MEASURED FROM TOP OF PIPE TO BOTTOM OF

FLEXIBLE PAVEMENT OR TOP OF RIGID PAVEMENT (12.6.6.3).

7 GEOTEXTILE SHALL BE USED TO WRAP TRENCH SIDES AND TOP ONLY TO PREVENT SOIL MIGRATION INTO VARYING SOIL TYPES

(PROJECT ENGINEER).

8 FINAL BACKFILL MATERIAL SELECTION AND COMPACTION REQUIREMENTS SHALL FOLLOW THE PROJECT PLANS AND SPECIFICATIONS

PER THE ENGINEER OF RECORD (26.5.4.1).

NOTES:

· FOR MULTIPLE BARREL INSTALLATIONS THE RECOMMENDED STANDARD SPACING BETWEEN PARALLEL PIPE RUNS SHALL BE PIPE DIA./2

BUT NO LESS THAN 12", OR 36" FOR PIPE DIAMETERS 72" AND LARGER. CONTACT YOUR CONTECH REPRESENTATIVE FOR

NONSTANDARD SPACING (TABLE C12.6.7-1).

6

FINAL BACKFILL

INITIAL BACKFILL 

6a

BEDDING

FOUNDATION

P
I
P

E
 
E

M
B

E
D

M
E

N
T

D

I

A

M

E

T

E

R

 

(

D

)

IN SITU

5a

7

5

3

2

4

8

TYPICAL BACKFILL DETAIL

NOT TO SCALE

EMBANKMENT CONDITIONTRENCH CONDITION

INITIAL FILL ENVELOPE   1    1a

11815 NE Glenn Widing Drive, Portland, OR 97220

800-548-4667         503-240-3393         800-561-1271 FAX
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DRAWING

96"Ø PERFORATED UNDERGROUND RETENTION SYSTEM -

631709-020

TENTATIVE TRACT MAP NO. 82315

COVINA, CA

SITE DESIGNATION: BASIN B

The design and information shown on this drawing is provided

as a service to the project owner, engineer and contractor by

Contech Engineered Solutions LLC ("Contech").  Neither this

drawing, nor any part thereof, may be used, reproduced or

modified in any manner without the prior written consent of

Contech.  Failure to comply is done at the user's own risk and

Contech expressly disclaims any liability or responsibility for

such use.

If discrepancies between the supplied information upon which

the drawing is based and actual field conditions are encountered

as site work progresses, these discrepancies must be reported

to Contech immediately for re-evaluation of the design.  Contech

accepts no liability for designs based on missing, incomplete or

inaccurate information supplied by others.

www.ContechES.com
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P
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E
 
Ø

2'-6"

PIPE Ø

P
I
P

E
 
Ø

2'-6"

6
'
-
8

"
 
M

A
X

.

FRONT

TYPICAL MANWAY DETAIL

NOT TO SCALE

96"Ø to 144"Ø FITTING REINFORCEMENT

MAY BE REQUIRED BASED ON HEIGHT OF

COVER AND LIVE LOAD CONDITION

PLAN

10/16/2019



HUGGER

BAND

NO GASKET

CONNECTION DETAIL

(SBBS)

2 2/3"x1/2" RE-ROLLED END HEL-COR PIPE

H-12 HUGGER BAND DETAIL

NOT TO SCALE

GENERAL NOTES:

1. JOINT IS TO BE ASSEMBLED PER AASHTO BRIDGE CONSTRUCTION SPECIFICATION SEC 26.4.2.4.

2. BAND MATERIALS AND/OR COATING CAN VARY BY LOCATION. CONTACT YOUR CONTECH REPRESENTATIVE FOR AVAILABILITY.

3. BANDS ARE SHAPED TO MATCH THE PIPE-ARCH WHEN APPLICABLE.

4. BANDS ARE NORMALLY FURNISHED AS FOLLOWS:

· 12" THRU 48" 1-PIECE

· 54" THRU 96" 2-PIECES

· 102" THRU 144" 3-PIECES

5. BAND FASTENERS ARE ATTACHED WITH SPOT WELDS, RIVETS OR HAND WELDS.

6. ALL CMP IS REROLLED TO HAVE ANNULAR END CORRUGATIONS OF 2 2/3"x1/2"

7. DIMENSIONS ARE SUBJECT TO MANUFACTURING TOLERANCES.

8. ORDER SHALL DESIGNATE GASKET OPTION, IF REQUIRED (SEE DETAILS ABOVE).

SINGLE BAR,

BOLT AND STRAP (SBBS)

12 1/8"

10 1/4"

12"

 TECHCO BAND ANGLES

 1/2" DIA. BOLT

12" RISER BAND DETAIL

NOT TO SCALE

PLAIN END CMP RISER PIPE

CONNECTION DETAIL

7 1/2" TECHCO SHOWN - MAY VARY

S
T

U
B

 
H

E
I
G

H
T

2
'
-
0

"
 
R

E
C

O
M

M
E

N
D

E
D

1
2

"
 
M

I
N

.

MAINLINE

PIPE

RISER

EXTENSION
FLAT BAND SHOWN,

MAY VARY (NO

GASKET)

GENERAL NOTES:

1. DELIVERED BAND STYLE AND FASTENER TYPE MAY VARY BY FABRICATION PLANT.

2. JOINT IS TO BE ASSEMBLED PER AASHTO BRIDGE CONSTRUCTION SPECIFICATION SEC 26.4.2.4.

3. BAND MATERIAL AND GAGE TO BE SAME AS RISER MATERIAL.

4. IF RISER HAS A HEIGHT OF COVER OF 10' OR MORE, USE A SLIP JOINT.

5. BANDS ARE NORMALLY FURNISHED AS FOLLOWS:

· 12" THRU 48" 1-PIECE

· 54" 2-PIECES

6. ALL RISER JOINT COMPONENTS WILL BE FIELD ASSEMBLED.

7. MANHOLE RISERS IN APPLICATIONS WHERE TRAFFIC LOADS ARE IMPOSED REQUIRE SPECIAL DESIGN CONSIDERATIONS.

8. DIMENSIONS SUBJECT TO MANUFACTURING TOLERANCES.

ELEVATION VIEW

OF CMP AND RISER

11815 NE Glenn Widing Drive, Portland, OR 97220

800-548-4667         503-240-3393         800-561-1271 FAX
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SITE DESIGNATION: BASIN B

The design and information shown on this drawing is provided

as a service to the project owner, engineer and contractor by
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modified in any manner without the prior written consent of
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Contech expressly disclaims any liability or responsibility for

such use.

If discrepancies between the supplied information upon which

the drawing is based and actual field conditions are encountered

as site work progresses, these discrepancies must be reported

to Contech immediately for re-evaluation of the design.  Contech

accepts no liability for designs based on missing, incomplete or

inaccurate information supplied by others.
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MANHOLE CAP DETAIL

NOT TO SCALE

8
"

11" TYP.

2
"
 
C

O
V

E
R

T
Y

P
.

1
"
 
G

A
P

 
(
T

Y
P

.
 
A

L
L

S
I
D

E
S

)

NOTES:

1. DESIGN IN ACCORDANCE WITH AASHTO, 17th

EDITION AND ACI 350.

2. DESIGN LOAD HS25.

3. EARTH COVER = 1' MAX.

4. CONCRETE STRENGTH = 4,000 psi

5. REINFORCING STEEL = ASTM A615, GRADE 60.

6. PROVIDE ADDITIONAL REINFORCING AROUND

OPENINGS EQUAL TO THE BARS INTERRUPTED,

HALF EACH SIDE.  ADDITIONAL BARS TO BE IN THE

SAME PLANE.

A

A

2" COVER

(TYP)

SECTION VIEW

ROUND OPTION PLAN VIEW SQUARE OPTION PLAN VIEW

Ø CMP RISER

INTERRUPTED BAR

REPLACEMENT,

SEE NOTE 6.

STANDARD

REINFORCING,

SEE TABLE

OPENING IN

PROTECTION

SLAB FOR

ACESS

#4 DIAGONAL TRIM

BAR (TYP. 4 PLACES),

SEE NOTE 7.

A

INTERRUPTED BAR

REPLACEMENT, SEE

NOTE 6.

B

OPENING IN

PROTECTION

SLAB FOR

ACCESS

#4 DIAGONAL TRIM

BAR (TYP. 4 PLACES),

SEE NOTE 7.

STANDARD

REINFORCING,

SEE TABLE

GASKET MATERIAL

SUFFICIENT TO PREVENT

SLAB FROM BEARING ON

RISER TO BE PROVIDED BY

CONTRACTOR.

2

"

 

C

O

V

E

R

(

T

Y

P

.

)

ØB

REINFORCING TABLE

Ø CMP

RISER

A B Ø REINFORCING

**BEARING

PRESSURE

(PSF)

24"

4'Ø

4'x4'

26"

#5 @ 10" OCEW

#5 @ 10" OCEW

2,540

1,900

30"

4'-6"Ø

4'-6" x 4'-6"

32"

#5 @ 10" OCEW

#5 @ 9" OCEW

2,260

1,670

36"

5'Ø

5' x 5'

38"

#5 @ 9" OCEW

#5 @ 8" OCEW

2,060

1,500

42"

5'-6"Ø

5'-6" x 5'-6"

44"

#5 @ 8" OCEW

#5 @ 8" OCEW

1,490

1,370

48"

6'Ø

6' x 6'

50"

#5 @ 7" OCEW

#5 @ 7" OCEW

1,210

1,270

** ASSUMED SOIL BEARING CAPACITY

1
'
-
0
"

A

2

"

 

C

O

V

E

R

(

T

Y

P

.

)

2

"

 

C

O

V

E

R

(

T

Y

P

)

7. TRIM OPENING WITH DIAGONAL #4 BARS, EXTEND BARS A

MINIMUM OF 12" BEYOND OPENING, BEND BARS AS REQUIRED

TO MAINTAIN BAR COVER.

8. PROTECTION SLAB AND ALL MATERIALS TO BE PROVIDED AND

INSTALLED BY CONTRACTOR.

9. DETAIL DESIGN BY DELTA ENGINEERS, ARCHITECTS AND LAND

SURVEYORS, ENDWELL, NY.

ØB

36"Ø MAX., HS-25 ACCESS CASTING

WITH GRADE RINGS AS REQUIRED, TO

BE PROVIDED AND INSTALLED BY

CONTRACTOR.  MAY BE TOP MOUNTED

(AS SHOWN) OR RECESSED.

CMP

PROTECTION

SLAB

VARIES

RIM/FINISHED

GRADE

ACCESS CASTING NOT SUPPLIED BY CONTECH

11815 NE Glenn Widing Drive, Portland, OR 97220

800-548-4667         503-240-3393         800-561-1271 FAX
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accepts no liability for designs based on missing, incomplete or

inaccurate information supplied by others.

www.ContechES.com

CONSTRUCTION LOADS

FOR TEMPORARY CONSTRUCTION VEHICLE LOADS, AN EXTRA AMOUNT OF COMPACTED COVER MAY BE REQUIRED OVER

THE TOP OF THE PIPE.  THE HEIGHT-OF-COVER SHALL MEET THE MINIMUM REQUIREMENTS SHOWN IN THE TABLE BELOW.

THE USE OF HEAVY CONSTRUCTION EQUIPMENT NECESSITATES GREATER PROTECTION FOR THE PIPE THAN FINISHED

GRADE COVER MINIMUMS FOR NORMAL HIGHWAY TRAFFIC.

PIPE SPAN,

INCHES

18-50

MINIMUM COVER (FT)

AXLE LOADS

(kips)

50-75 75-110 110-150

12-42 2.0 2.5 3.0 3.0

4.03.53.048-72 3.0

3.078-120 3.5 4.0 4.0

4.54.54.0126-144 3.5

*MINIMUM COVER MAY VARY, DEPENDING ON LOCAL CONDITIONS.  THE CONTRACTOR MUST PROVIDE THE ADDITIONAL

COVER REQUIRED TO AVOID DAMAGE TO THE PIPE.  MINIMUM COVER IS MEASURED FROM THE TOP OF THE PIPE TO

THE TOP OF THE MAINTAINED CONSTRUCTION ROADWAY SURFACE.

 HEIGHT OF

COVER

TEMPORARY COVER FOR

CONSTRUCTION LOADS

FINISHED

GRADE

 CONSTRUCTION LOADING DIAGRAM

NOT TO SCALE

SCOPE

THIS SPECIFICATION COVERS THE MANUFACTURE AND

INSTALLATION OF THE CORRUGATED STEEL PIPE (CSP) DETAILED IN

THE PROJECT PLANS.

MATERIAL

THE ALUMINIZED TYPE 2 STEEL COILS SHALL CONFORM TO THE

APPLICABLE REQUIREMENTS OF AASHTO M274 OR ASTM A929.

PIPE

THE CSP SHALL BE MANUFACTURED IN ACCORDANCE WITH THE

APPLICABLE REQUIREMENTS OF AASHTO M36 OR ASTM A760.  THE

PIPE SIZES, GAGES AND CORRUGATIONS SHALL BE AS SHOWN ON

THE PROJECT PLANS.

ALL FABRICATION OF THE PRODUCT SHALL OCCUR WITHIN THE

UNITED STATES.

HANDLING AND ASSEMBLY

SHALL BE IN ACCORDANCE WITH  RECOMMENDATIONS OF THE

NATIONAL CORRUGATED STEEL PIPE ASSOCIATION (NCSPA)

INSTALLATION

SHALL BE IN ACCORDANCE WITH AASHTO STANDARD

SPECIFICATIONS FOR HIGHWAY BRIDGES, SECTION 26, DIVISION II

OR ASTM A798 AND IN CONFORMANCE WITH THE PROJECT PLANS

AND SPECIFICATIONS.  IF THERE ARE ANY INCONSISTENCIES OR

CONFLICTS THE CONTRACTOR SHOULD DISCUSS AND RESOLVE

WITH THE SITE ENGINEER.

IT IS ALWAYS THE RESPONSIBILITY OF THE CONTRACTOR TO

FOLLOW OSHA GUIDELINES FOR SAFE PRACTICES.

SPECIFICATION FOR CORRUGATED STEEL PIPE-ALUMINIZED TYPE 2 STEEL

MATERIAL SPECIFICATION

NOT TO SCALE
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11815 NE Glenn Widing Drive, Portland, OR 97220

800-548-4667         503-240-3393         800-561-1271 FAX

A

96"Ø BULKHEAD A1

W/ 12"Ø STUB A2

96"Ø BULKHEAD B1

W/ 12"Ø STUB B2

B

5'-0"

36"Ø RISER A3
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BAND, TYPICAL

SEE DETAIL SHEET P3

NOTES

· THE PIPE SHOULD BE FULLY PERFORATED IN ACCORDANCE WITH AASHTO M 36, SECTION 8.3.2.2,

AND USING CLASS 2 PERFORATIONS.  THE TOTAL OPEN AREA OF THE PERFORATIONS WILL BE A

MINIMUM OF 2.3% OF THE PIPE SURFACE AREA.

· BULKHEADS SHALL BE 12-GAGE OR HEAVIER STEEL AND THE COATING WILL MATCH THE

SPECIFIED CMP COATING.  BULKHEAD PLATES SHALL BE FULLY WELDED ONTO THE CMP WITH

STEEL REINFORCEMENT AS REQUIRED.  THE STEEL REINFORCEMENT SHALL BE POST COATED

WITH ZINC RICH PAINT PER AASHTO M 36.  BULKHEAD DESIGNS SHALL SATISFY THE

REQUIREMENTS SHOWN IN CHAPTER 8 OF THE NCSPA CSP DESIGN MANUAL AND CALCULATIONS

SHALL BE PROVIDED TO THE ENGINEER OF RECORD (EOR) FOR APPROVAL UPON REQUEST.

· ALL FITTINGS SHALL BE STRUCTURALLY CHECKED FOR REINFORCEMENTS PER ASTM A998 AND

PROVIDED TO THE EOR FOR APPROVAL UPON REQUEST.

· CONNECTING BANDS FOR INFILTRATION SYSTEMS SHALL BE ANY TYPE, BUT MUST BE AT

LEAST 12” WIDE.  BANDS SHALL MATCH THE SPECIFIED CMP COATING AND MEET THE

REQUIREMENTS OF AASHTO M 36.

· ALL METALLIC COATINGS AFFECTED BY MANUFACTURING FABRICATION SHALL BE REPAIRED PER

AASHTO M 36 SECTION 11 REQUIREMENTS (E.G. ZINC-RICH PAINT ON ALL WELDS).  IF POLYMER

COATINGS ARE USED THE REPAIR OF DAMAGED COATINGS WILL BE IN CONFORMANCE WITH

AASHTO M 245 SECTION 11 REQUIREMENTS.

· ACCESS LADDERS SHALL BE ATTACHED BY THE MANUFACTURER PRIOR TO DELIVERY, NOT

INSTALLED ON THE JOBSITE.

ASSEMBLY

SCALE: 1" = 10'

PIPE STORAGE:  2,011 CF

STRUCTURAL BACKFILL STORAGE: 1,096 CF

TOTAL STORAGE PROVIDED: 3,107 CF

LOADING:  H20

PIPE INV. = TBD'±

10/16/2019

THE UNDERSIGNED HEREBY APPROVES THE ATTACHED

(P4) PAGES INCLUDING THE FOLLOWING:

CUSTOMER

· PIPE STORAGE = 2,011 CF

· MAINLINE PIPE GAGE = 16

· WALL TYPE = PERFORATED

· DIAMETER = 96"

· FINISH = ALT2

· CORRUGATION = 5x1

DATE

STUB INFORMATION

PIECE STUB INVERT

SYSTEM

INVERT

12"Ø STUB A2 TBD TBD

12"Ø STUB B2 TBD TBD

RISER INFORMATION

PIECE RIM ELEV.

SYSTEM

INVERT

36"Ø RISER A3 TBD TBD



1
.
7
5
"
 
C

C

T
Y

P

COIL WIDTH

OPEN AREA = 3.33 SQ IN/SQ FT

2.711"

9@2.711" = 24.399"

EDGE SPACING EQUAL ON BOTH SIDES

NOTES:

1. PERFORATIONS MEET AASHTO AND ASTM SPECIFICATIONS.

2. PERFORATION OPEN AREA PER SQUARE FOOT OF PIPE IS BASED

ON THE NOMINAL DIAMETER AND LENGTH OF PIPE.

3. DIMENSIONS SUBJECT TO MANUFACTURER'S TOLERANCES.

4. ALL HOLES 3/8"Ø.

EXFILTRATION AREA

STANDARD PERFORATION PATTERNS

APPROXIMATE AREA PER LINEAR FOOT OF PIPE

PIPE

CORRUGATION PATTERN

2 2/3" x 1/2" 3" x 1" 5" x 1" ULTRA FLO

96"Ø 97.7 SQ. IN. 103.2 SQ. IN. 100.4 SQ. IN.

NOTES:

· GAGE AND COATING LIMITATIONS APPLY. 5" x 1" IS NOT AVAILABLE IN

ALUMINUM.

· DIMENSIONS SUBJECT TO MANUFACTURER'S TOLERANCES.

TYPICAL PERFORATION DETAIL

NOT TO SCALE

TYPICAL SECTION VIEW

NOT TO SCALE

30" SEE TYPICAL

BACKFILL DETAIL

NOTES

96" TYP.

LIMITS OF

REQUIRED

BACKFILL

NOTE: IF SALTING AGENTS FOR SNOW AND ICE REMOVAL ARE USED ON OR NEAR THE

PROJECT, A GEOMEMBRANE BARRIER IS RECOMMENDED WITH THE SYSTEM.  THE

GEOMEMBRANE LINER IS INTENDED TO HELP PROTECT THE SYSTEM FROM THE

POTENTIAL ADVERSE EFFECTS THAT MAY RESULT FROM A CHANGE IN THE

SURROUNDING ENVIRONMENT OVER A PERIOD OF TIME.  PLEASE REFER TO THE

CORRUGATED METAL PIPE DETENTION DESIGN GUIDE FOR ADDITIONAL INFORMATION.

20 MIL PE

IMPERMEABLE

LINER OVER

TOP OF PIPE

(IF REQUIRED)

DIAMETER

MIN.

COVER

CORR.

PROFILE

6"-10" 12" 1 1/2" x 1/4"

12"-48" 12" 2 2/3" x 1/2"

54"-96" 12"
3" x 1", 5" x 1"

102"-144" D/8
3" x 1", 5" x 1"

BACKFILL REQUIREMENTS FOLLOW THE GUIDELINES OF AASHTO LRFD BRIDGE DESIGN (SEC 12) AND CONSTRUCTION (SEC 26)

1 MINIMUM TRENCH WIDTH MUST ALLOW ROOM FOR PROPER COMPACTION OF HAUNCH MATERIALS UNDER THE PIPE.

       THE MINIMUM TRENCH WIDTH (12.6.6.1):

PIPE ≤ 12": D + 16"

PIPE > 12": 1.5D + 12"

1a MINIMUM EMBANKMENT WIDTH (IN FEET) FOR INITIAL FILL ENVELOPE (12.6.6.2):

PIPE < 24": 3.0D

PIPE 24" - 144": D + 4'0"

PIPE > 144": D + 10'0"

2 THE FOUNDATION UNDER THE PIPE AND SIDE BACKFILL SHALL BE ADEQUATE TO SUPPORT THE LOADS ACTING UPON IT (26.5.2).

3 BEDDING MATERIAL SHALL BE A RELATIVELY LOOSE GRANULAR MATERIAL THAT IS ROUGHLY SHAPED TO FIT THE BOTTOM OF THE PIPE,

AND A MINIMUM OF TWICE THE CORRUGATION DEPTH IN THICKNESS, WITH THE MAXIMUM PARTICLE SIZE OF ONE-HALF OF THE

CORRUGATION DEPTH (26.3.8.1, 26.5.3).

4 PERFORATED CORRUGATED STEEL PIPE (CSP / HEL-COR).

5 HAUNCH ZONE MATERIAL SHALL BE HAND SHOVELED OR SHOVEL SLICED INTO PLACE TO ALLOW FOR PROPER COMPACTION (26.5.4).

5a    BACKFILL MATERIAL SHALL BE A CLEAN, CRUSHED STONE MEETING SIZE NO. 3 OR 4, PER AASHTO M 43. IT IS RECOMMENDED THAT LIFTS

NOT EXCEED AN 8" UNCOMPACTED LIFT HEIGHT TO PREVENT UNEVEN LOADING, AND THE LESSER OF 1/3 THE DIAMETER OR 24" AS THE

MAXIMUM DIFFERENTIAL SIDE-TO-SIDE. COMPACTION OF ALL PLACED FILL MATERIAL IS NECESSARY AND SHALL BE CONSIDERED

ADEQUATE WHEN NO FURTHER YIELDING OF THE MATERIAL IS OBSERVED UNDER THE COMPACTOR, OR UNDER FOOT, AND THE

PROJECT ENGINEER, OR THEIR REPRESENTATIVE, IS SATISFIED WITH THE LEVEL OF COMPACTION (26.5.4).

6 INITIAL BACKFILL ABOVE PIPE MAY INCLUDE ROAD BASE MATERIAL (AND RIGID PAVEMENT IF APPLICABLE). SEE TABLE ABOVE.

6a TOTAL HEIGHT OF COMPACTED COVER FOR CONVENTIONAL HIGHWAY LOADS IS MEASURED FROM TOP OF PIPE TO BOTTOM OF

FLEXIBLE PAVEMENT OR TOP OF RIGID PAVEMENT (12.6.6.3).

7 GEOTEXTILE SHALL BE USED TO WRAP TRENCH SIDES AND TOP ONLY TO PREVENT SOIL MIGRATION INTO VARYING SOIL TYPES

(PROJECT ENGINEER).

8 FINAL BACKFILL MATERIAL SELECTION AND COMPACTION REQUIREMENTS SHALL FOLLOW THE PROJECT PLANS AND SPECIFICATIONS

PER THE ENGINEER OF RECORD (26.5.4.1).

NOTES:

· FOR MULTIPLE BARREL INSTALLATIONS THE RECOMMENDED STANDARD SPACING BETWEEN PARALLEL PIPE RUNS SHALL BE PIPE DIA./2

BUT NO LESS THAN 12", OR 36" FOR PIPE DIAMETERS 72" AND LARGER. CONTACT YOUR CONTECH REPRESENTATIVE FOR

NONSTANDARD SPACING (TABLE C12.6.7-1).

6

FINAL BACKFILL

INITIAL BACKFILL 

6a

BEDDING

FOUNDATION

P
I
P

E
 
E

M
B

E
D

M
E

N
T

D

I

A

M

E

T

E

R

 

(

D

)

IN SITU

5a

7

5

3

2

4

8

TYPICAL BACKFILL DETAIL

NOT TO SCALE

EMBANKMENT CONDITIONTRENCH CONDITION

INITIAL FILL ENVELOPE   1    1a

11815 NE Glenn Widing Drive, Portland, OR 97220

800-548-4667         503-240-3393         800-561-1271 FAX
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P
I
P

E
 
Ø

2'-6"

PIPE Ø

P
I
P

E
 
Ø

2'-6"

6
'
-
8

"
 
M

A
X

.

FRONT

TYPICAL MANWAY DETAIL

NOT TO SCALE

96"Ø to 144"Ø FITTING REINFORCEMENT

MAY BE REQUIRED BASED ON HEIGHT OF

COVER AND LIVE LOAD CONDITION

PLAN

10/16/2019



HUGGER

BAND

NO GASKET

CONNECTION DETAIL

(SBBS)

2 2/3"x1/2" RE-ROLLED END HEL-COR PIPE

H-12 HUGGER BAND DETAIL

NOT TO SCALE

GENERAL NOTES:

1. JOINT IS TO BE ASSEMBLED PER AASHTO BRIDGE CONSTRUCTION SPECIFICATION SEC 26.4.2.4.

2. BAND MATERIALS AND/OR COATING CAN VARY BY LOCATION. CONTACT YOUR CONTECH REPRESENTATIVE FOR AVAILABILITY.

3. BANDS ARE SHAPED TO MATCH THE PIPE-ARCH WHEN APPLICABLE.

4. BANDS ARE NORMALLY FURNISHED AS FOLLOWS:

· 12" THRU 48" 1-PIECE

· 54" THRU 96" 2-PIECES

· 102" THRU 144" 3-PIECES

5. BAND FASTENERS ARE ATTACHED WITH SPOT WELDS, RIVETS OR HAND WELDS.

6. ALL CMP IS REROLLED TO HAVE ANNULAR END CORRUGATIONS OF 2 2/3"x1/2"

7. DIMENSIONS ARE SUBJECT TO MANUFACTURING TOLERANCES.

8. ORDER SHALL DESIGNATE GASKET OPTION, IF REQUIRED (SEE DETAILS ABOVE).

SINGLE BAR,

BOLT AND STRAP (SBBS)

12 1/8"

10 1/4"

12"

 TECHCO BAND ANGLES

 1/2" DIA. BOLT

12" RISER BAND DETAIL

NOT TO SCALE

PLAIN END CMP RISER PIPE

CONNECTION DETAIL

7 1/2" TECHCO SHOWN - MAY VARY

S
T

U
B

 
H

E
I
G

H
T

2
'
-
0

"
 
R

E
C

O
M

M
E

N
D

E
D

1
2

"
 
M

I
N

.

MAINLINE

PIPE

RISER

EXTENSION
FLAT BAND SHOWN,

MAY VARY (NO

GASKET)

GENERAL NOTES:

1. DELIVERED BAND STYLE AND FASTENER TYPE MAY VARY BY FABRICATION PLANT.

2. JOINT IS TO BE ASSEMBLED PER AASHTO BRIDGE CONSTRUCTION SPECIFICATION SEC 26.4.2.4.

3. BAND MATERIAL AND GAGE TO BE SAME AS RISER MATERIAL.

4. IF RISER HAS A HEIGHT OF COVER OF 10' OR MORE, USE A SLIP JOINT.

5. BANDS ARE NORMALLY FURNISHED AS FOLLOWS:

· 12" THRU 48" 1-PIECE

· 54" 2-PIECES

6. ALL RISER JOINT COMPONENTS WILL BE FIELD ASSEMBLED.

7. MANHOLE RISERS IN APPLICATIONS WHERE TRAFFIC LOADS ARE IMPOSED REQUIRE SPECIAL DESIGN CONSIDERATIONS.

8. DIMENSIONS SUBJECT TO MANUFACTURING TOLERANCES.

ELEVATION VIEW

OF CMP AND RISER

11815 NE Glenn Widing Drive, Portland, OR 97220

800-548-4667         503-240-3393         800-561-1271 FAX
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MANHOLE CAP DETAIL

NOT TO SCALE

8
"

11" TYP.

2
"
 
C

O
V

E
R

T
Y

P
.

1
"
 
G

A
P

 
(
T

Y
P

.
 
A

L
L

S
I
D

E
S

)

NOTES:

1. DESIGN IN ACCORDANCE WITH AASHTO, 17th

EDITION AND ACI 350.

2. DESIGN LOAD HS25.

3. EARTH COVER = 1' MAX.

4. CONCRETE STRENGTH = 4,000 psi

5. REINFORCING STEEL = ASTM A615, GRADE 60.

6. PROVIDE ADDITIONAL REINFORCING AROUND

OPENINGS EQUAL TO THE BARS INTERRUPTED,

HALF EACH SIDE.  ADDITIONAL BARS TO BE IN THE

SAME PLANE.

A

A

2" COVER

(TYP)

SECTION VIEW

ROUND OPTION PLAN VIEW SQUARE OPTION PLAN VIEW

Ø CMP RISER

INTERRUPTED BAR

REPLACEMENT,

SEE NOTE 6.

STANDARD

REINFORCING,

SEE TABLE

OPENING IN

PROTECTION

SLAB FOR

ACESS

#4 DIAGONAL TRIM

BAR (TYP. 4 PLACES),

SEE NOTE 7.

A

INTERRUPTED BAR

REPLACEMENT, SEE

NOTE 6.

B

OPENING IN

PROTECTION

SLAB FOR

ACCESS

#4 DIAGONAL TRIM

BAR (TYP. 4 PLACES),

SEE NOTE 7.

STANDARD

REINFORCING,

SEE TABLE

GASKET MATERIAL

SUFFICIENT TO PREVENT

SLAB FROM BEARING ON

RISER TO BE PROVIDED BY

CONTRACTOR.

2

"

 

C

O

V

E

R

(

T

Y

P

.

)

ØB

REINFORCING TABLE

Ø CMP

RISER

A B Ø REINFORCING

**BEARING

PRESSURE

(PSF)

24"

4'Ø

4'x4'

26"

#5 @ 10" OCEW

#5 @ 10" OCEW

2,540

1,900

30"

4'-6"Ø

4'-6" x 4'-6"

32"

#5 @ 10" OCEW

#5 @ 9" OCEW

2,260

1,670

36"

5'Ø

5' x 5'

38"

#5 @ 9" OCEW

#5 @ 8" OCEW

2,060

1,500

42"

5'-6"Ø

5'-6" x 5'-6"

44"

#5 @ 8" OCEW

#5 @ 8" OCEW

1,490

1,370

48"

6'Ø

6' x 6'

50"

#5 @ 7" OCEW

#5 @ 7" OCEW

1,210

1,270

** ASSUMED SOIL BEARING CAPACITY

1
'
-
0
"

A

2

"

 

C

O

V

E

R

(

T

Y

P

.

)

2

"

 

C

O

V

E

R

(

T

Y

P

)

7. TRIM OPENING WITH DIAGONAL #4 BARS, EXTEND BARS A

MINIMUM OF 12" BEYOND OPENING, BEND BARS AS REQUIRED

TO MAINTAIN BAR COVER.

8. PROTECTION SLAB AND ALL MATERIALS TO BE PROVIDED AND

INSTALLED BY CONTRACTOR.

9. DETAIL DESIGN BY DELTA ENGINEERS, ARCHITECTS AND LAND

SURVEYORS, ENDWELL, NY.

ØB

36"Ø MAX., HS-25 ACCESS CASTING

WITH GRADE RINGS AS REQUIRED, TO

BE PROVIDED AND INSTALLED BY

CONTRACTOR.  MAY BE TOP MOUNTED

(AS SHOWN) OR RECESSED.

CMP

PROTECTION

SLAB

VARIES

RIM/FINISHED

GRADE

ACCESS CASTING NOT SUPPLIED BY CONTECH

11815 NE Glenn Widing Drive, Portland, OR 97220

800-548-4667         503-240-3393         800-561-1271 FAX
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CONSTRUCTION LOADS

FOR TEMPORARY CONSTRUCTION VEHICLE LOADS, AN EXTRA AMOUNT OF COMPACTED COVER MAY BE REQUIRED OVER

THE TOP OF THE PIPE.  THE HEIGHT-OF-COVER SHALL MEET THE MINIMUM REQUIREMENTS SHOWN IN THE TABLE BELOW.

THE USE OF HEAVY CONSTRUCTION EQUIPMENT NECESSITATES GREATER PROTECTION FOR THE PIPE THAN FINISHED

GRADE COVER MINIMUMS FOR NORMAL HIGHWAY TRAFFIC.

PIPE SPAN,

INCHES

18-50

MINIMUM COVER (FT)

AXLE LOADS

(kips)

50-75 75-110 110-150

12-42 2.0 2.5 3.0 3.0

4.03.53.048-72 3.0

3.078-120 3.5 4.0 4.0

4.54.54.0126-144 3.5

*MINIMUM COVER MAY VARY, DEPENDING ON LOCAL CONDITIONS.  THE CONTRACTOR MUST PROVIDE THE ADDITIONAL

COVER REQUIRED TO AVOID DAMAGE TO THE PIPE.  MINIMUM COVER IS MEASURED FROM THE TOP OF THE PIPE TO

THE TOP OF THE MAINTAINED CONSTRUCTION ROADWAY SURFACE.

 HEIGHT OF

COVER

TEMPORARY COVER FOR

CONSTRUCTION LOADS

FINISHED

GRADE

 CONSTRUCTION LOADING DIAGRAM

NOT TO SCALE

SCOPE

THIS SPECIFICATION COVERS THE MANUFACTURE AND

INSTALLATION OF THE CORRUGATED STEEL PIPE (CSP) DETAILED IN

THE PROJECT PLANS.

MATERIAL

THE ALUMINIZED TYPE 2 STEEL COILS SHALL CONFORM TO THE

APPLICABLE REQUIREMENTS OF AASHTO M274 OR ASTM A929.

PIPE

THE CSP SHALL BE MANUFACTURED IN ACCORDANCE WITH THE

APPLICABLE REQUIREMENTS OF AASHTO M36 OR ASTM A760.  THE

PIPE SIZES, GAGES AND CORRUGATIONS SHALL BE AS SHOWN ON

THE PROJECT PLANS.

ALL FABRICATION OF THE PRODUCT SHALL OCCUR WITHIN THE

UNITED STATES.

HANDLING AND ASSEMBLY

SHALL BE IN ACCORDANCE WITH  RECOMMENDATIONS OF THE

NATIONAL CORRUGATED STEEL PIPE ASSOCIATION (NCSPA)

INSTALLATION

SHALL BE IN ACCORDANCE WITH AASHTO STANDARD

SPECIFICATIONS FOR HIGHWAY BRIDGES, SECTION 26, DIVISION II

OR ASTM A798 AND IN CONFORMANCE WITH THE PROJECT PLANS

AND SPECIFICATIONS.  IF THERE ARE ANY INCONSISTENCIES OR

CONFLICTS THE CONTRACTOR SHOULD DISCUSS AND RESOLVE

WITH THE SITE ENGINEER.

IT IS ALWAYS THE RESPONSIBILITY OF THE CONTRACTOR TO

FOLLOW OSHA GUIDELINES FOR SAFE PRACTICES.

SPECIFICATION FOR CORRUGATED STEEL PIPE-ALUMINIZED TYPE 2 STEEL

MATERIAL SPECIFICATION
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S-1: Storm Drain Message and Signage

Purpose

Waste material dumped into storm drain inlets can adversely impact surface and ground
waters. In fact, any material discharged into the storm drain system has the potential to
significantly impact downstream receiving waters. Storm drain messages have become
a popular method of alerting and reminding the public about the effects of and the
prohibitions against waste disposal into the storm drain system. The signs are typically
stenciled or affixed near the storm drain inlet or catch basin. The message simply
informs the public that dumping of wastes into storm drain inlets is prohibited and/or that
the drain ultimately discharges into receiving waters.

General Guidance

 The signs must be placed so they are easily visible to the public.

 Be aware that signs placed on sidewalk will be worn by foot traffic.

Design Specifications

 Signs with language and/or graphical icons that prohibit illegal dumping, must be
posted at designated public access points along channels and streams within the
project area. Consult with Los Angeles County Department of Public Works
(LACDPW) staff to determine specific signage requirements for channels and
streams.

 Storm drain message markers, placards, concrete stamps, or stenciled
language/icons (e.g., “No Dumping – Drains to the Ocean”) are required at all
storm drain inlets and catch basins within the project area to discourage illegal or
inadvertent dumping. Signs should be placed in clear sight facing anyone
approaching the storm drain inlet or catch basin from either side (see Figure D-1
and Figure D-2). LACDPW staff should be contacted to determine specific
requirements for types of signs and methods of application. A stencil can be
purchased for a nominal fee from LACDPW Building and Safety Office by calling
(626) 458-3171. All storm drain inlet and catch basin locations must be identified
on the project site map.

Maintenance Requirements

Legibility and visibility of markers and signs should be maintained (e.g., signs should be
repainted or replaced as necessary). If required by LACDPW, the owner/operator or
homeowner’s association shall enter into a maintenance agreement with the agency or
record a deed restriction upon the property title to maintain the legibility of placards and
signs.



S-1: Storm Drain Message and Signage

County of Los Angeles D-2 February 2014

Figure D-1. Storm Drain Message Location – Curb Type Inlet

Figure D-2. Storm Drain Message Location – Catch Basin/Area Type Inlet

CONCRETE
PERIMETER
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S-2: Outdoor Material Storage Area

Purpose

The County defines outdoor material storage areas as areas or facilities whose sole
purpose is the storage of materials. Materials, including raw materials, by-products,
finished products, and waste products, stored outdoors can become sources of
pollutants in stormwater runoff if not handled or stored properly. The type of pollutants
associated with the materials will vary depending on the type of commercial or industrial
activity present.

Materials may be stored in a variety of ways, including bulk piles, containers, shelving,
stacking, and tanks. Contamination of stormwater runoff may be prevented by
eliminating the possibility of stormwater runoff contact with the material storage areas
either through diversion, cover, or capture of the stormwater runoff. Design
considerations may also include minimizing the storage area. The source control
measures presented in this fact sheet must meet local permitting requirements.

Some materials, such as those containing heavy metals or toxic compounds, are of
more concern than other materials. Toxic and hazardous materials must be prevented
from coming in contact with stormwater runoff. Non-toxic or non-hazardous materials,
such as debris and sediment, can also have significant impacts on receiving waters.
Contact between non-toxic or non-hazardous materials and stormwater runoff should be
limited, and such materials prevented from being discharged with stormwater runoff.

Materials are classified into three categories based on the potential risk of pollutant
release associated with stormwater runoff contact – high risk, medium risk, and low risk.
General types of materials under each category are presented in Table D-1. The
categorization of the potential pollutant risk is used to determine the design
specifications, which are presented in Table D-2, for design features at the project site.
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Table D-1. Classification of Materials for Potential Pollutant Risk

High Risk Materials Medium Risk Materials Low Risk Materials

 Recycled materials with
discharge potential

 Corrosives

 Food items

 Chalk/gypsum products

 Scrap or salvage goods

 Feedstock/grain

 Fertilizers

 Pesticides

 Compost

 Asphalt

 Lime/lye/soda ash

 Animal/human wastes

 Rubber and plastic pellets
or other small pieces

 Uncured concrete/cement

 Lead and copper, and any
metals with oil/grease
coating

 Clean recycled materials
without discharge potential

 Metal (excluding lead and
copper, and any metals with
oil/grease coating)

 Sawdust/bark chips

 Sand/soil

 Unwashed gravel/rock

 Washed gravel/rock

 Finished lumber (non-
pressure treated)

 Rubber or plastic products
(excluding small pieces)

 Clean, precast concrete
products

 Glass products (new)

 Inert products

 Gaseous products

 Products in containers that
prevent contact with
stormwater (fertilizers and
pesticides excluded)

Design Specifications

Design specifications for material storage areas are regulated by local building and fire
codes, ordinances, and zoning requirements. Source control measures presented in
this fact sheet are intended to enhance and be consistent with local code and ordinance
requirements while addressing stormwater runoff concerns. The design specifications,
presented in Table D-2, must be incorporated into the design of outdoor material
storage areas when stored materials could contribute pollutants to the storm drain
system. The level of controls required varies relative to the risk category of the material
stored.

As general guidance, downspouts and roofs should be directed away from outdoor
materials storage areas, and such storage areas should slope towards a dead-end
sump to collect stormwater runoff, non-stormwater runoff, and spills. Stormwater runoff,
non-stormwater runoff, and spills must be disposed of in accordance with local, state,
and federal laws. Locations of design features, including the features presented in
Table D-2, must be included on site maps or plans. Additionally, site maps or plans
must show all storage areas for chemicals and/or waste materials, with a tank/drum
schedule indicating tank capacities, materials of construction, and contents.
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Table D-2. Design Specifications for Outdoor Material Storage Areas

Design Feature Design Specifications

Surfacing  High-Risk Materials:

o Construct/pave outdoor material storage areas with Portland cement
concrete or an equivalent impervious surface. Ensure that the
surfacing material is chemically-resistant to the materials being
stored.

 Medium-Risk Materials:

o Construct/pave outdoor material storage areas with Portland cement
concrete.

 Low-Risk Materials:

o There are no requirements for surfacing.

Enclosures and Covers  High-Risk Materials:

o Place materials in an enclosure such as a shed, cabinet, or other
structure that prevents contact with stormwater runoff; or

o Cover entire storage area with a permanent canopy, roof, or awning
to prevent precipitation from making direct contact with and collecting
within the storage area. Direct stormwater runoff from the cover away
from the storage area to a stormwater runoff disposal point that meets
all applicable code, ordinance, and LID Standards Manual
requirements. For cover structures that do not include sidewalls,
include a roof overhang that extends beyond the grade break.

o Covers 10 feet high or less should extend a minimum of 3
feet beyond the perimeter of the hydraulically-isolated
storage area.

o Covers higher than 10 feet should extend a minimum of
either 20 percent of the cover’s height or 5 feet beyond the
perimeter of the hydraulically-isolated storage area,
whichever is greater.

o LACDPW may grant waivers for covers on a case-by-case
basis.

 Medium-Risk Materials:

o At a minimum, completely cover material with temporary plastic
sheeting during storm events.

 Low-Risk Materials:

o There are no requirements for enclosures or covers.
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Table D-2. Design Specifications for Outdoor Material Storage Areas (continued)

Hydraulic Isolation and
Drainage

 High-Risk Materials:

o Hydraulically-isolate storage area with grading, berms, drains, dikes,
or curbs to prevent stormwater run-on from surrounding areas or roof
drains.

o Direct stormwater runoff from surrounding areas away from the
hydraulically-isolated storage area to a stormwater runoff disposal
point that meets all applicable LID Standards Manual requirements.

o Drainage facilities are not required for the hydraulically-isolated
storage area. However, if drainage facilities are provided, drainage
from the hydraulically-isolated storage area must be directed to a
stormwater runoff disposal point as determined by LACDPW.

 Medium-Risk Materials:

o Drainage from storage area may be allowed, on a case-by-case basis
with approval from LACDPW, to a treatment control measure or
standard storm drain(s).

o For erodible material, provide grading and a structural containment
barrier on at least three sides of each stockpile to prevent stormwater
run-on from surrounding areas and migration of material due to wind
erosion.

 Low-Risk Materials:

o Provide appropriate drainage from the storage area to minimize
contact with materials.

Spill Containment  All Materials:

o Implement spill containment measures where materials are stored in
tanks, drums, or similar containers and that may potentially enter the
storm drain system, sanitary sewer system, or contaminate the soil.
Spill containment must be designed for the volume of the largest
tank/drum or 10 percent of the tank/drum total (whichever is greater).

o Separate spill containment systems for all tanks containing
incompatible materials such as acids, bases, reactive or flammable
materials.

o Clean, repair, and seal (using epoxy or equivalent sealant compatible
with the stored materials) the interior wall and floors within all spill
containment areas. Identify the areas to be sealed on the site maps.

o Bond the contact joint for spill containment walls or dikes constructed
on existing concrete, masonry or asphalt to the existing surface.
Identify the areas to be bonded on the site maps.

o Cover the spill containment areas with a roof or awning to minimize
collection of stormwater runoff within.

o Store materials collected in spill containment areas until its quality
and an appropriate approved disposal method have been determined.

Accumulated Water

Stormwater runoff, non-stormwater runoff, and spills will accumulate in containment
areas and sumps with impervious surfaces. Contaminated accumulated water must be
disposed of in accordance with applicable laws and regulations, and cannot be
discharged directly to the storm drain or sanitary sewer system without appropriate
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permitting. Contact LACDPW (1-888-CLEAN-LA) for information regarding discharge of
contaminated accumulated water.

Maintenance Requirements

The integrity of structural elements that are subject to damage (e.g., screens, covers,
signs) must be maintained by the owner/operator as required by local codes and
ordinances. Outdoor material storage areas must be checked periodically to ensure
containment of accumulated water and prevention of stormwater run-on. Any
enclosures and secondary/spill containment areas should be checked periodically to
ensure spills are contained efficiently. Maintenance agreements between LACDPW
and the owner/operator may be required. Failure to properly maintain building and
property may subject the property owner to citation.
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S-3: Outdoor Trash Storage and Waste Handling Area

Purpose

Stormwater runoff from areas where trash is stored or handled can be polluted. Loose
trash and debris can be easily transported by water or wind into nearby storm drain
inlets, channels, and/or receiving waters. Waste handling operations (i.e., dumpsters,
litter control, waste piles) may be sources of stormwater pollution.

Design Specifications

Wastes from commercial and industrial sites are typically hauled away for disposal by
either public or commercial carriers that may have design or access requirements for
waste storage areas. Design specifications for waste handling areas are regulated by
local building and fire codes and by current County ordinances and zoning
requirements. The design specifications, listed below in Table D-3, are
recommendations and are not intended to conflict with requirements established by the
waste hauler. The design specifications are intended to enhance local codes and
ordinances while addressing stormwater runoff concerns. The waste hauler should be
contacted prior to the design of trash storage and collection areas to determine
established and accepted guidelines for designing trash collection areas. All hazardous
waste must be handled in accordance with the legal requirements established in Title 22
of the California Code of Regulations. Conflicts or issues should be discussed with
LACDPW staff.

Table D-3. Design Specifications for Outdoor Trash Storage and Waste Handling Area

Design Feature Design Specifications

Surfacing  Construct/pave outdoor trash storage and waste handling area with
Portland cement concrete or an equivalent impervious surface.

Screens/Covers  Install a screen or wall around trash storage area to prevent off-site
transport of loose trash.

 Use lined bins or dumpsters to reduce leaking of liquid wastes.

 Use waterproof lids on bins/dumpsters or provide a roof to cover storage
area enclosure (LACDPW discretion) to prevent precipitation from
entering containers.

Grading/Drainage  Berm and/or grade waste handling area to prevent stormwater run-on.

 Locate waste handling area at least 35 feet from storm drains.

 Divert drainage from adjoining roofs and pavement away from adjacent
trash storage areas.

Signs  Post signs on all dumpsters and/or inside enclosures prohibiting disposal
of liquids and hazardous materials in accordance with any waste disposal
ordinance.
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Accumulated Water

Stormwater runoff, non-stormwater runoff, and spills will accumulate in containment
areas and sumps with impervious surfaces. Contaminated accumulated water must be
disposed of in accordance with applicable laws and regulations, and cannot be
discharged directly to the storm drain or sanitary sewer system without appropriate
permitting. Contact LACDPW (1-888-CLEAN-LA) for information regarding discharge of
contaminated accumulated water.

Maintenance Requirements

The integrity of structural elements that are subject to damage (e.g., screens, covers,
signs) must be maintained by the owner/operator as required by local codes and
ordinances. Outdoor trash storage and waste handling areas must be checked
periodically to ensure containment of accumulated water and prevention of stormwater
run-on. Maintenance agreements between LACDPW and the owner/operator may be
required. Failure to properly maintain building and property may subject the property
owner to citation.
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S-8: Landscape Irrigation Practices

Purpose

Irrigation runoff provides a pathway for pollutants (i.e., nutrients, bacteria, organics,
sediment) to enter the storm drain system. By effectively irrigating, less runoff is
produced resulting in less potential for pollutants to enter the storm drain system.

General Guidance

 Do not allow irrigation runoff from the landscaped area to drain directly to storm
drain system.

 Minimize use of fertilizer, pesticides, and herbicides on landscaped areas.

 Plan sites with sufficient landscaped area and dispersal capacity (e.g., ability to
receive irrigation water without generating runoff).

 Consult a landscape professional regarding appropriate plants, fertilizer,
mulching applications, and irrigation requirements (if any) to ensure healthy
vegetation growth.

Design Specifications

 Choose plants that minimize the need for fertilizer and pesticides.

 Group plants with similar water requirements and water accordingly.

 Use mulch to minimize evaporation and erosion.

 Include a vegetative boundary around project site to act as a filter.

 Design the irrigation system to only water areas that need it.

 Install an approved subsurface drip, pop-up, or other irrigation system.1 The
irrigation system should employ effective energy dissipation and uniform flow
spreading methods to prevent erosion and facilitate efficient dispersion.

 Install rain sensors to shut off the irrigation system during and after storm events.

 Include pressure sensors to shut off flow-through system in case of sudden
pressure drop. A sudden pressure drop may indicate a broken irrigation head or
water line.

 If the hydraulic conductivity in the soil is not sufficient for the necessary water
application rate, implement soil amendments to avoid potential geotechnical
hazards (i.e., liquefaction, landslide, collapsible soils, and expansive soils).

1
If alternative distribution systems (e.g., spray irrigation) are approved, the County will establish

guidelines to implement these new systems.
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 For sites located on or within 50 feet of a steep slope (15% or greater), do not
irrigate landscape within three days of a storm event to avoid potential
geotechnical instability.2

 Implement Integrated Pest Management practices.

For additional guidelines and requirements, refer to the Los Angeles County
Department of Health Services.

Maintenance Requirements

Maintain irrigation areas to remove trash and debris and loose vegetation. Rehabilitate
areas of bare soil. If a rain or pressure sensor is installed, it should be checked
periodically to ensure proper function. Inspect and maintain irrigation equipment and
components to ensure proper functionality. Clean equipment as necessary to prevent
algae growth and vector breeding. Maintenance agreements between LACDPW and
the owner/operator may be required. Failure to properly maintain building and property
may subject the property owner to citation.

2
As determined by the City of Los Angeles, Building and Safety Division
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S-9: Building Materials Selection

Purpose

Building materials can potentially contribute pollutants of concern to stormwater runoff
through leaching. For example, metal buildings, roofing, and fencing materials may be
significant sources of metals in stormwater runoff, especially due to acidic precipitation.
The use of alternative building materials can reduce pollutant sources in stormwater
runoff by eliminating compounds that can leach into stormwater runoff. Alternative
building materials may also reduce the need to perform maintenance activities (i.e.,
painting) that involve pollutants of concern, and may reduce the volume of stormwater
runoff. Alternative materials are available to replace lumber and paving.

Design Specifications

Lumber

Decks and other house components constructed using pressure-treated wood that is
typically treated using arsenate, copper, and chromium compounds are hazardous to
the environment. Pressure-treated wood may be replaced with cement-fiber or vinyl.

Roofs, Fencing, and Metals

Minimizing the use of copper and galvanized (zinc-coated) metals on buildings and
fencing can reduce leaching of these pollutants into stormwater runoff. The following
building materials are conventionally made of galvanized metals:

 Metal roofs;

 Chain-link fencing and siding; and

 Metal downspouts, vents, flashing, and trim on roofs.

Architectural use of copper for roofs and gutters should be avoided. As an alternative to
copper and galvanized materials, coated metal products are available for both roofing
and gutter application. Vinyl-coated fencing is an alternative to traditional galvanized
chain-link fences. These products eliminate contact of bare metal with precipitation or
stormwater runoff, and reduce the potential for stormwater runoff contamination.
Roofing materials are also made of recycled rubber and plastic.

Green roofs may be an option. Green roofs use vegetation such as grasses and other
plants as an exterior surface. The plants reduce the velocity of stormwater runoff and
absorb water to reduce the volume of stormwater runoff. One potential problem with
using green roofs in the Los Angeles County area is the long, hot and dry summers,
which may kill the plants if they are not watered. See the Green Roof Fact Sheet (RET-
7) in Appendix E.
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Pesticides

The use of pesticides around foundations can be reduced through the use of alternative
barriers. Sand barriers can be applied around foundations to deter termites, as they
cannot tunnel through sand. Metal shields also block termites from tunneling.
Additionally, diatomaceous earth can be used to repel or kill a wide variety of other
pests.

Maintenance Requirements

The integrity of structural elements that are subject to damage (e.g., signs) must be
maintained by the owner/operator as required by local codes and ordinances.
Maintenance agreements between LACDPW and the owner/operator may be required.
Failure to properly maintain building and property may subject the property owner to
citation.
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T-6:  Proprietary Treatment Control Measures 

Definition 

The LID Standards Manual provided information for selecting and designing the more 
common treatment-based stormwater quality control measures for projects.  The 
treatment-based stormwater quality control measures included in this appendix (T-1 to 
T-5) are non-proprietary (public domain) designs that have been reviewed and 
evaluated by LACDPW and determined generally acceptable. 

Proprietary devices are commercial products that typically aim at providing stormwater 
treatment in space-limited applications, often using patented innovative technologies.  
The most commonly encountered classes of proprietary stormwater quality control 
measures include hydrodynamic separation, catch basin insert technologies, cartridge 
filter-type controls, and proprietary biotreatment devices. 

Hydrodynamic separation devices (alternatively, swirl concentrators) are devices that 
remove trash, debris, and coarse sediment from incoming flows using screening, gravity 
settling, and centrifugal forces generated by forcing the influent into a circular motion.  
By having the water move in a circular fashion, rather than a straight line, it is possible 
to obtain significant removal of suspended sediments and attached pollutants with less 
space as compared to wet vaults and other settling devices.  Hydrodynamic devices 
were originally developed for combined sewer overflows, where they were used 
primarily to remove coarse inorganic solids.  Hydrodynamic separation has been 
adapted for stormwater treatment by several manufacturers and is currently used to 
remove trash, debris, and other coarse solids down to sand-sized particles.  Several 
types of hydrodynamic separation devices are also designed to remove floating oils and 
grease using sorbent media. 

Catch basin inserts are manufactured filters or fabric placed in a drop inlet to remove 
sediment and debris and may include sorbent media to remove floating oils and grease. 
There are a multitude of inserts of various shapes and configurations, typically falling 
into one of three groups: socks, boxes, and trays.  The sock-type filters are typically 
constructed of a fabric, usually polypropylene.  The fabric may be attached to a frame or 
the grate of the inlet may hold the sock.  Socks are meant for vertical (drop) inlets.  
Boxes are constructed of plastic or wire mesh.  Typically a polypropylene “bag” is 
placed in the wire mesh box and the bag takes the form of the box.  Most box products 
are one box; that is, settling and filtration through media occur in the same box.  Other 
products consist of one or more trays or mesh grates.  The trays may hold different 
types of media.  Filtration media vary by manufacturer.  Types include polypropylene, 
porous polymer, treated cellulose, and activated carbon.  Inserts are an easy and 
inexpensive retrofitting option because drain inlets are already a component of most 
standard drainage systems.  Inserts are usually only suitable for mitigating relatively 
small tributary areas (less than one acre) because they are limited by treatment 
capacity and influent flow rate. 
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Cartridge filter-type controls typically consist of a series of vertical filters contained in a 
vault or catch basin that provide treatment through filtration and sedimentation.  The 
vault may be divided into multiple chambers where the first chamber acts as a pre-
settling basin for removal of coarse sediment while another chamber acts as the filter 
bay and houses the filter cartridges. The performance and capacity of a cartridge filter 
installation depends on the properties of the media contained in the cartridges.  
Cartridge filter manufacturers often provide an array of media types each with varying 
properties, targeting various pollutants and a range of particle sizes.  Commonly used 
media include media that target solids, such as perlite, and media that target both 
dissolved and non-dissolved constituents, such as compost leaf media, zeolite, and 
iron-infused polymers.  Manufacturers try to distinguish their products through 
innovative designs that aim at providing self cleaning and draining, uniformly loaded, 
and clog resistant cartridges that functional properly over a wide range of hydraulic 
loadings and pollutant concentrations. 

Proprietary biotreatment devices are devices that are manufactured to mimic natural 
systems such as wetlands by incorporating plants, soil, and microbes engineered to 
provide treatment at higher flow rates or higher volumes and with smaller footprints than 
their natural counterparts.  Incoming flows are typically filtered through natural media 
(mulch, compost, soil, plants, microbes, etc) and either infiltrated or collected by an 
underdrain and delivered to the storm system.  Tributary areas for biotreatment devices 
tend to be limited to 0.5 to 1.0 acres. 

The vendors of the various proprietary stormwater quality control measures provide 
detailed documentation for device selection, sizing, and maintenance requirements.  
Tributary area sizes are limited to the capacities of the largest available model.  The 
latest manufacturer supplied documentation must be used for sizing and selection of all 
proprietary devices.  Links to the websites of a number of vendors of proprietary devices 
are provided at www.BMPLA.org.  All proprietary devices proposed for use by a project 
applicant must be approved by LACDPW. 

General Design Specifications 

Proprietary stormwater quality control measure vendors are constantly updating and 
expanding their product lines, so refer to the latest design guidance from the vendors.  
General guidelines on the performance, sizing, and operation and maintenance of 
proprietary devices are provided through LACDPW Watershed Division.  

Expected Performance 

For hydrodynamic devices, it has been stated with respect to combined sewer overflows 
that the practical lower limit of hydrodynamic separation is a particle with a settling 
velocity of 12 to 16.5 ft/hr (0.10 to 0.14 cm/s).  As such, the focus for hydrodynamic 
separation in combined sewer overflows has been with settleable solids generally 200 

µm and larger, given the presence of the lighter organic solids.  For inorganic sediment, 

the above settling velocity range represents a particle diameter of 50 to 100 µm.  Thus, 
hydrodynamic separation devices are effective for removal of course sediment, trash, 
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and debris and useful for pretreatment in combination with other types of stormwater 
quality control measures that target smaller particle sizes. 

Because there is a wide range of catch basin insert configurations, it is not possible to 
generalize the expected performance.  Inserts should mainly be used for catching 
coarse sediments and floatable trash, and are effective for pretreatment in combination 
with other types of stormwater quality control measures.  Trash and large objects can 
greatly reduce the effectiveness of catch basin inserts with respect to sediment and 
hydrocarbon capture.  Frequent maintenance and the use of screens and grates to keep 
trash out may decrease the likelihood of clogging and prevent obstruction and bypass of 
incoming flows. 

Cartridge filters have been proven to provide efficient removals for both dissolved and 
non-dissolved pollutants.  However, cartridge filters are less adept at handling high flow 
rates when compared to catch basin inserts and hydrodynamic devices due to the 
enhanced treatment provided through the filtration mechanism. 

Because proprietary biotreatment devices are relatively new compared to the other 
types of proprietary treatment devices included in the LID Standards Manual, there are 
fewer third party studies on proprietary biotreatment devices.  The available 
performance information is mostly vendor-supplied.  According to the vendors, like their 
natural counterparts, proprietary biotreatment devices are highly efficient at mitigating 
dissolved metals, nutrients, and suspended solids. 

Sizing 

Hydrodynamic devices, catch basin inserts, and cartridge filters are flow-based 
stormwater quality control measures, but can be sized to capture and treat the 
mitigation volume of the SWQDv with additional facilities to manage stormwater runoff 
flow.  Proprietary biotreatment devices on the other hand include both volume-based 
and flow-based stormwater quality control measures.  Volume-based proprietary 
devices should be sized to capture and treat the mitigation volume of the SWQDv if 
used as a standalone stormwater quality control measure. 

Auxiliary components of proprietary devices such as sorbent media, screens, baffles, 
and sumps are selected based on site-specific conditions such as the expected loading 
and the desired frequency of maintenance.  Sizing of proprietary devices is reduced to a 
simple process whereby a model can simply be selected from a table or a chart based 
on a few known quantities (tributary area, location, design flow rate, design volume, 
etc).  Some manufacturers either size the devices for potential clients or offer 
calculators on their websites that simplify the design process even further and lessens 
the possibility of using obsolete design information.  For the latest sizing guidelines, 
refer to the manufacturer’s website. 
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Operation and Maintenance 

Hydrodynamic Separation Devices 

Hydrodynamic separators do not have moving parts and are not maintenance intensive.  
However, maintenance is important to ensure that the device operates as efficiently as 
possible.  Proper maintenance involves frequent inspections throughout the first year of 
installation, especially after major storm events.  The systems are considered full when 
the sediment level is within one foot from the top of the unit, at which point it must be 
cleaned out.  Removal of sediment can be performed with a sump vacuum or vactor 
truck.  Some hydrodynamic separator devices may contribute to mosquito breeding if 
they do not fully drain stormwater runoff between storm events.  Refer to manufacturer’s 
guidelines for inspection and maintenance activities. 

Catch Basin Inserts 

Catch basin inserts can be maintenance-intensive because of their susceptibility for 
accumulating trash and debris.  Regular maintenance activities include the clean-up and 
removal of accumulated trash and sediment while major maintenance activities include 
replacing filter media (if used) and or repairing/replacing geomembrane fabrics.  Refer 
to manufacturer’s guidelines for inspection and maintenance activities. 

Cartridge Filters 

For cartridge filters, maintenance activities include periodically removing trash, debris, 
and sediment from the vault floor, typically twice per year depending on the 
accumulation rate, using a sump vacuum or vactor truck.  The cartridges may need to 
be replaced when they become saturated, which will occur approximately every other 
year depending on the pollutant accumulation rate.  The manufacturers of these devices 
typically provide contract operation and maintenance services. 

All stormwater vaults that contain standing water can become a breeding area for 
vectors.  Manufacturers have developed systems, such as a perforated pipe installed in 
the bottom of the vault that is encased in a filter sock to prevent clogging, to completely 
drain the vault. 

Biotreatment Devices 

Maintenance of biotreatment devices can be provided by the manufacturer and typically 
consists of routine inspection and hand removal of accumulated trash and debris.  
Vactor trucks or mechanical maintenance activities are not needed for biotreatment 
devices. 
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Table 7-3. Typical Pollutants of Concern by Land Use
(1)

Land Use

Pollutants of Concern
(2)
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High Density Single Family Residential X X
(4) (4)

X X X

Multi-Family Residential X
(4) (4)

X X

Mixed Residential X X X
(4) (4)

X X X

Commercial X X X X
(4) (4)

X X X

Industrial X X X X
(4) (4)

X X X

Critical Facilities
(3)

X
(4) (4) (4) (4) (4)

X X X

Transportation (streets, roads) X X X X
(4) (4)

X X X

Institutional (educational facilities) X
(4) (4)

X X

(1)
Adapted from Table A-3 of the Technical Manual for Stormwater Best Management Practices in the County of Los Angeles (February 2004) and

the Southern California Coastal Water Research Project Land Use Specific Storm Water Monitoring Data. X = exceedance of “standard” by
observed median/average concentration; blank = no exceedance of “standard” by observed median/average concentration.

(2)
Derived from Table 11 of the 2012 Los Angeles County MS4 Permit (page 104).

(3)
Critical facilities include automobile dismantling (SIC 50xx), automobile repair (SIC 75xx), metal fabrication (SIC 34xx), motor freight (SIC 42xx),

automobile dealerships (SIC 55xx), chemical manufacturing (SIC 28xx), and machinery manufacturing (SIC 35xx).
(4)

No available data to determine if these pollutants of concern originate from this land use. Pollutant is assumed to be produced by this land use
unless otherwise proven by the project applicant.
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Low Impact Development Plan (LID Plan) 
Tentative Tract Map No. 82315 
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OFFSITE RUNON 

 

Offsite runon not anticipated. 

UTILITY AND INFRASTRUCTURE 
INFORMATION 
 

There are no known existing onsite utility and/or infrastructure 
that will conflict with proposed stormwater facilities. The 
proposed sewer, water and dry utility improvements designed to 
not conflict with proposed subsurface infiltration system. 

SIGNIFICANT ECOLOGICAL AREAS 
(SEAS) 
 

There are no known SEAs. 

RECEIVING WATERS Receiving waterbodies that follow are Walnut Creek Wash, San 
Gabriel River Reach 3, San Gabriel River Reach 2, San Gabriel 
River Reach 1 and the San Gabriel River Estuary. The above 
mentioned receiving waterbodies are listed for water quality 
impairment on the most recent 303(d)-list for: 

 * Benthic-Macroinvertebrate Bioassessments 

 * Indicator Bacteria 

 * pH 

 * Coliform Bacteria 

 * Cyanide 

 * Lead 

 * Copper 

 * Dioxin 

 * Nickel 

 * Oxygen, Dissolved 
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   Appendix B:  Tier 3 Pollutants of Concern 

County of Los Angeles B-2 December 2013 

MALIBU CREEK WATERSHED MANAGEMENT AREA  
 

Parameter Parameter 

E. coli Bacteria Total Dissolved Solids 
Cyanide, Total Recoverable  
Mercury, Total Recoverable  
Selenium, Total Recoverable  
Sulfate  

 
 

SAN GABRIEL RIVER WATERSHED MANAGEMENT AREA 
 

Parameter Parameter 

pH Cyanide, Total Recoverable 
E. coli Bacteria Cadmium, Total Recoverable 
Total Coliform Bacteria1 Copper, Total Recoverable 
Fecal Coliform Bacteria1 Lead, Total Recoverable 
Enterococcus Bacteria1 Mercury, Total Recoverable 
Chloride Nickel, Total Recoverable 
Nitrate Nitrogen, Total (as N) Selenium, Total Recoverable 
Sulfate Silver, Total Recoverable 
Total Dissolved Solids Zinc, Total Recoverable 
Aluminum, Total Recoverable  

1 Apply only to discharges to the estuary and the ocean  
 

SANTA CLARA RIVER WATERSHED AREA (LA County portion only) 

Parameter Parameter 

E. coli Bacteria Aluminum, Total Recoverable 
Chloride Cyanide, Total Recoverable 
Sulfate Copper, Total Recoverable 
Total Dissolved Solids Mercury, Total Recoverable 
Methylene Blue Active Substances Selenium, Total Recoverable 
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